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the vapour-pressure of mercury becomes too great to allow 
of accurate observations being made. 

The values of a in the equation p=UVT—a were ascertained 
from the drawn isochors, and are given in the table below ; 
also the values of a calculated from those of 6 derived from 
the observations at the three highest temperatures. In the 
latter case, whilst the slope of the isochor depends only on 
the results obtained at the highest temperatures, the whole of 
the observations were taken into account in determining its 
position, and therefore the value of a. 

In mapping the values of a it was found best, as suggested 


by Rose-Innes, to plot He against v3. The curve is given 
in fig. 4 (p. 653), and the data in the following table. - 

It will be seen that a maximum is reached at about volume 
3°2, and in this respect also the isopentane results show a 


strong resemblance to those with ether, the maximum for 
that substance being at about the same volume. 


101° 
a. aioe 
Volume of a paw, |from 0’s from|| 7. From ?’s from 
gram in BR oes ” | three highest | me as : raw? | three highest 
cub. centim. “| temperatures, seat te temperatures. 
1:58 95,000 att meme ertate 159 Md ee a OR 
16 5665800 am eeeccettee AOS or eee eee 
1:65 1A 7G; OOO Sere. a toh aera i Ese esc 
iter 39-200 eeeeeece 2037 U I) Vi ata 
1-75 1292530 Oe enact ee ZOO TS aa | ae mrececes 
18 1589} 000 Le eae 2096.5 ees 
1:85 OSI 200 Ss ammmecetes: * 2678 
19 1 Oi /5 200 ae | ieee 123)” Sl) ees 
1:95 “O433005 i eesen 21 SS sient Peers 
2:0 BOS A000 ies maar ce 2783. Ble “see 
21 4G8;200) Vi Ween a 295 2m rellt We aeseeete 
2-2 O76;400) Be coeces 3053" mar | tet een 
23 5VLB00F Gi eae SSIS eae 
2:4 521,550 537,640 3329 3229 
2°5 471,000 489,930 3397 3266 
2°6 425,050 438,550 3480 3373 
27 389,450 402,590 3522 3407 
'28 355,650 365,010 8586 8494 
29 324,039 334,850 8670 3551 
3:0 298,070 308,120 3728 3606 
32 263,340 269,700 | 3708 3621 
3s 231,520 240,200 | 3736 3601 
36 209,590 219.230 8682 3520 
38 190.690 198,930 3632 3481 
40 175,900 182,310 3553 3428 
43 157,880 162,890 3426 3320 
46 142,630 145,690 33138 8244 
50 125,630 125,150 | 3184 3196 
5'D 107,960 | 105,650 8062 3129 
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a. 10?° /av?. 
Vol. of gram | From drawn |From 2’s fr. 3 || From drawn |From 0’s fr. 3 

in ¢c.c. Isochors. highest temps. Isochors. {highest temps. 
6 93,330 90,940 2976 3055 
6°5 82,150 78,160 2881 * 3028 
7 72,485 68,240 2816 2991 
75 64,560 60,315 2754 2947 
8 57,940 54,311 2697 2877 
8:5 52,322 48,787 2645 2837 
9 47,219 44,599 2615 2768 
95 42,945 40,452 2580 2739 
10 39,001 36,754 2564 2721 
il 33,192 30,732 2490 2689 
12 28,158 26,590 2466 2612 
13 24,310 22,320 2434 2651 
14 21,211 19,621 2405 2600 
15 18,619 16,998 2386 2615 
16 16,790 15,427 2327 2532 
17 14,864 13,406 2328 2581 
18 13,488 12,120 2288 2547 
19 12,073 10,995 2295 2519 
20 11,149 10,257 2242 2437 
22 9511 8982 2172 2300 
24 7912 7597 2194 2285 
26 6848 6759 2160 2189 
28 6070 5978 2101 2189 
30 5345 5114 2079 2173 
33 4592 4419 2000 2078 
36 3814 3830 2023 2015 
40 3174 38284 1969 1903 
45 2423 2550 2938 1937 
50 1935 1986 2067 2014 
60 1358 1388 2046 2001 
70 1043 1065 1957 1916 
80 874 755 1788 2070 
90 693 670 1782 1845 
100 542 496 1845 2016 
120 381 357 1823 1945 
140 292 270 1747 1889 
160 210 189 1860 2067 
180 160 119 1930 2594 
200 128 105 1950 2381 
230 109 95 1730 1990 
260 87 val 1700 2088 
300 66 54 1680 2058 
350 46 45 1770 1814 
400 29 35" 2150 1776 
500 SEY | 9 Bocas TAWA i cee at 
600 23 Qh | ame sr LHGO Fy 1) Se sto 
700 153 T3300 & Mi) aueeees 
800 89 TO 4h SS osne 
900 OTA AIS 5 gene TELE Sire"! ee 
1000 S35) | eee TOS0 se ecueise 

1200 ADRS Gatsse es 1690 

1400 Ae ODE De kettics TAA? line © aries: 
1600 aes Bae O30 TF ral peer seese 
1800 Oy a9 Bictne TG20 ne | eres 
2000 pg Sale ee LOOM are 
2300 On! A eae OO eee 
2600 Open mercrmeee || Mee) oa eceees 
3000 TEA Srnec O30) Wulpe deeeass 
3500 a eine C805 iy letes. 

4000 0 Mae Ga eae Gen aesn tale tr tesa: 


656 PROF. SYDNEY YOUNG ON THE 


Comparison of Isopentane with other Substances at 
“ Corresponding” Pressures. 

The absolute temperatures (boiling-points) and molecular 
volumes of liquid and saturated vapour were read from the 
curves at pressures “corresponding” to those adopted in 
previous papers on this subject (Phil. Mag. Feb. 1892, p. 153; 
Trans. Chem. Soe. lxiii. p. 1191; Phil. Mag. Jan. 1894, p. 1); 
and are given in the table below : — 


Ratio of Molecular Volume. 
Pressure to : aie |S 
Critical Pressure. Temperature. Tinnid Saturated 

Pressure. tae Vapour. 
millim. B cub. centim. | cub. centim. 
002949 738 DATEQD: 11, Wisdom Bl.” Dnree 
005898 1475 260:8) |. basekeen El) agen 
011795 29571 276:2 VURO4 1 eee 
022411 5607 292-4 115-86 31040 
044232 1107 312°3 119°84 16380 
“088465 2213 336°0 125°24 8490 
14744 3689 3563 130-68 5180 
20642 5165 371°35 135°50 3675 
*29488 7378 388°65 140:29 2540 
*44932 11040 410°2 152:93 1614 
-D8978 14755 426-95 165°15 1182 
| 73721 18445 440°8 180°34 813°5 
*82568 20660 448-0 192°35 671:5 
“88465 22130 - 451-6 20405 580°0 
94363 — 23610 457-0 221-65 482°5 
97313 24350 4591 237-7 425°5 
100000 25020 460°8 806°5 806°5 


The ratios of the absolute temperatures and of the volumes 
to the critical constants show that isopentane belongs to the 
same group as benzene and its halogen derivatives, ether, 
carbon tetrachloride, and stannic chloride. The actual values 
approach most closely to those of benzene, and for the sake of 
comparison both are given in the following table (p. 657). 

The ratios of the actual to the theoretical densities of the 
saturated vapour for isopentane and benzene are also given. 
At the critical point the ratio is 3°73, agreeing very closely 
with those for the other substances in group I. (3°65 to 3°83) 
and also with the ratio for carbon dioxide ( 3°62) deduced 
from Amagat’s observations. : 

From these results it may be concluded that the molecules 
of liquid isopentane are simple, like those of the gas. 


Errata (p. 650). 
‘ 10000 Volume 3:8 for 5507 read 5:623 
Values of —— ¢ “6 BD ln yee eae 
» 14 4, 8958 5 8241 
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LIL. The Specifie Volumes of Isopentane Vapour at Low 
Pressures. By Sypyvey Youne, D.Se., F.R.S., and G. b. 
Tuomas, B.Sc., University College, Bristol. 


DererMINAtions of the volumes of a gram of the unsaturated 
vapour of isopentane wero made in a modified Hofmann’s 
vapour-density apparatus similar in principle to that em- 
ployed by Ramsay and Young (Phil. Trans. 1887, A. p. 58) 
in their research on ether. 

The specimen of isopentane was the same as that used by 
one of us in the determination of the thermal properties of 
the substance. 

The following alterations were made in the vapour-density 
apparatus :— 

1. A narrow tube A! (fig. 1) was sealed to the large volume 
tube A in order that the perforation through the indiarubber 
cork B might be diminished in diameter. 

2. The tube was graduated throughout its entire length in 
millims., and the readings of both columns of mercury were 
taken directly on the tube, whereas formerly a graduated 
mirror-scale, placed behind the vapour-density tube, was 
employed. The direct method of reading was found to be far 
more convenient and was probably rather more accurate. 


3. The small mercury-trough used for inserting the vapour- 
density tube in the apparatus was cut in the indiarubber cork: 
as indicated in fig. 2, which represents a vertical section 
through the cork. 
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4, The vapour-density tube is supported only by the india- 
rubber cork through which it passes, and there was previously 
some little trouble in keeping the tube vertical, and at the 
same time accurately centred in the outer jacketing-tube C 
(fig. 1). This difficulty was overcome by placing the appa- 
ratus on a stand Q provided with three screwed feet. The 
jacketing-tube was supported by a clamp and large retort- 
stand P and was made vertical once for all; the vapour- 
density tube was then easily centred by means of the screwed 
feet. 

As it was important to take readings over as wide a range 
of pressure and volume as possible, the atmospheric pressure 
on the mercury in the large glass jar E was not only lowered 
but raised. A differential gauge H was therefore employed 
in addition to the ordinary gauge I, shown in the diagram 
previously published (Joc. cié.). 

When the pressure in E was high there was danger of the 
Jarge indiarubber cork being forced up, and it was therefore 
held in position by the following arrangement :—Two pieces 
of wood, notched near the ends, were laid on the cork between 
the jacketing tube and the small tubes F and G. A stout 
piece of copper wire was fastened round the glass jar under 
the flange at the top, the glass being protected by a strip of 
sheet indiarubber. ‘Two pieces of copper wire of smaller 
diameter were then passed round the pieces of wood and 
the stouter wire, and the pressure on the pieces of wood 
was increased to the required amount by twisting the 
wires, 

The whole apparatus—with the exception of the two pumps 
and the arrangement for keeping the large indiarubber cork 
in position—is shown in fig. 1, and is explained below :— 

AA’. The vapour-density tube. 

B. The large indiarubber cork. 

CC'. The jacketing-tube provided with the condenser D. 

KE. The glass jar in which the atmospheric pressure is 

altered. 

F. Narrow ‘glass tube dipping below the surface of the 

mercury in the jar and used for removal of mercury 
after insertion of the vapour-density tube. ‘ 


VOLUMES OF ISOPENTANE VAPOUR AT LOW PRESSURES. 661 


G. Narrow glass tube passing just through the indiarubber 
cork nad connected by lead or glass tubing with 

HI the differential and ordinary gauges. 

JK. Barometers. 

L. Small bulb to collect any of the jacketing substance 
not condensed at D. It occasionally happens that 
a little carbon bisulphide or alcohol, when boiling 
under reduced pressure, escapes condensation at D. 

M. A large air-reservoir to prevent oscillation of the 
mercury columns in the gauge N. 

NO. Gauge and barometer for measuring the pressure 
under which the liquid in the bulb C’ is boiling. 

P. Retort-stand and clamp to support the jacketing-tube. 

(. Wooden stand with three screws to centre the vapour- 
density tube. 


Fig. 3. 
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In order to avoid the presence of air in the vapour-density 
tube it was filled with mercury in the manner indicated in 
the diagram (fig. 3). The tube was thoroughly exhausted by 
means of a Sprengel pump, and was heated to remove the 
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film of air adhering to the glass. Filtered mercury was then 
run slowly into the tube, the Sprengel pump being kept con- 
stantly in action and the tube hot until it was nearly filled *. 
After cooling, the vapour-density tube was removed, 

a little more mercury added so as to completely Fig. 4. 
fill it, and it was then inverted in a large trough 

of mercury. The isopentane was weighed in a 

small bulb (fig. 4) provided with a hooked capillary 

neck, and the bulb was passed up into the tube 
immediately after being weighed. 

The evaporation from the capillary tube is extremely slow 
if the temperature is sufficiently below the boiling-point of 
the liquid, but with such a volatile substance as isopentane it 
is advisable to choose a cool day. That no sensible loss by 
evaporation was taking place was proved by the fact that the 
difference of reading for 1 mgrm. (by the method of oscilla- 
tions) was the same for the empty bulb as for the bulb filled 
with isopentane. 

The hook on the capillary tube is convenient for manipu- 
lation, but the bulb should be inserted in the vapour-density 
tube with the hook upwards, otherwise it may be caught at 
the bottom of the tube. This, in fact, actualiy happened with 
the second quantity, and it was necessary to disengage the 
bulb with the finger. In all probability the bulb was in this 
case slightly warmed and a small quantity of isopentane 
escaped owing to the expansion of the liquid. The weight 
was therefore calculated by comparison of the volumes of 
vapour with those of the first and larger quantity at the same 
temperatures and pressures. There appeared to have been a 
slight loss, for the mass of isopentane determined by direct 
weighing was 0°0376 gram, whilst that calculated from the 
comparison of volumes was 0°0373 gram. 

The pressures of the isopentane vapour require to be 
corrected for the heated column of mercury, and also at the 
higher temperatures for the vapour-pressure of mercury. 
The first correction is necessarily uncertain, as it is impossible 


* All the indiarubber tubes and corks with which the mercury could: 
come in contact had been boiled with strong potash. 
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to decide exactly how far down the tube the mercury is 
heated. It was assumed that its temperature was that of the 
Jacketing vapour down to 1 centim. below the surface of the 
condensed liquid in the jacketing-tube. The error involved 
is extremely small at the lower temperatures, but increases 
with rise of temperature. The readings with the larger 
quantity of substance were therefore taken only to 150° and 
with the smaller quantity to 100°. 

The data obtained are given in the following table; the 
mass of the larger quantity of isopentane, obtained by direct 
weighing, was 0°1290 gram, that of the smaller quantity was 


0°0373 gram. The value of 


oe , taking the molecular weight 


of isopentane as 71°85 and the weight of a litre of hydrogen 
at 0° and 760 millim. as 0°:0899 gram, would be 862. 


Series I. 
Pressure. | Volume. PV Pressure. | Volume. 2, 
Temp. millims. | cub. cms, ie Temp. millims. | cub. ems. GUY 
10°75 1908 | 12730 | 8561 ||40°...) 443-9 5971 | 8455 
206 | 11695 | 8527 || (cont.)| 517-9 5086 | 841-5 
2265 | 10665 | 851-4 610-4 4292 | 837-0 
250°6 9623 | 850-0 7577 343-1 | 8305 
2796 8615 | 849-0 
318°7 7583 | 846-2 Ee if 
359'1 6665 | 843-7 || 90° otic eee ER tee 
390-9 6108 | 841-7 a — 
39 2626 | 10500 | 8537 
. Qr. 2-7 
30°...) 2111 | 12805 | 857-2 Ce aan a Be i eg a 
5 327°2 841-0 851:9 
228°2 11383°5 853°9 2. aOR, +3 
eee : 3872°8 736°6 850°2 
250°7 1032°5 854-1 ‘ 2. f 
ay 432-0 6323 | 8456 
278°3 928°2 8526 : 29. : 
510-6 5337 843°7 
291'1 8863 | 8515 “f 
5 = 6072 446-2 888'9 
3268 7878 849°7 7338 367-1 834-1 
375 1 6842 | 847-0 
437-6 584'3 8439 
530°0 479°7 839:0 || 60°... 233°4 12225 856°9 
6545 385°5 832°7 254-7 1119-0 856'1 
755°2 3316 826'4 280°3 1015°5 854-6 
312°6 909-7 8540 
40°... 219:1 1224°0 856°8 351°9 806°8 8526 
239°3 1118°5 8550 402°3 702:9 849-2 
263°5 1014°5 854-0 4717 OOo 8470 
291-0 9168 852-4 567°9 4949 8440 
330°4 805°7 850°5 683°9 408°7 839-4 
8187 7019 849-2 790°2 3018 834°8 
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(continued). 


Series I. 
Tem Pressure | Volume. BY, 
™P:| millims. | cub. ems. 4p 
70° 240°8 1222-0 857°8 
262:1 1119-0 8552 
288°8 1015:0 854°8 
318'8 919°5 8546 
355°0 824-1 8530 
405°3 7201 850°9 
472-0 6160 847°7 
565-7 5124 845:1 
675'8 427-0 841-2 
789:2 363°7 836°8 
SOS al 247-2 1222-0 855°8 
269°9 11195 855°8 
297°3 10155 8553 
8256 927°2 8552 
365°3 823'9 852°6 
4171 7202 850°9 
486-4 616-1 849-0 
564-0 529:9 8467 
669°3 4445 842°8 
7982 70°8 838°5 
90°...) 254°4 1222°5 856'9 
277°5 1119°5 855'8 
3U5°7 1016-0 855°5 
8384-9 9269 8552 
3756 8243 852:°9 
429-2 720°2 851°5 
500°8 615°6 849°3 
580°1 53071 847°'1 
689-5 4446 8445 
8156 374:0 840°4 


100°...} 261°3 1223'5 857:0 


341:2 935°2 855°5 
386°2 824°8 8339 
441°5 720:0 852°2 
501°3 633°3 8511 
5784 547°5 849 0 
684-0 461:9 847-0 
825'1 380°5 841-7 


110°...| 268°6 1224°5 858°7 


350'6 935-6 856'4 
397-4 824-7 855°7 
454°2 720°2 854:0 


Tem Pressure | Volume. 
f P:| millims, | cub. ems, 
Oo aer 5149 633'4 
(cont.)| 593-2 549°7 
6981 465°5 
849-6 380°4 
120°... 275°2 1224°5 
300°6 1120°5 
325:°7 1034'1 
356°4 945-1 
391°4 859°5 
435°7 772.1 
489°3 685°5 
5583 600°4 
653°0 5129 
7531 442°5 
8686 3828 
130°... 282°2 1224°5 
303-7 1188°5 
828°8 1051°5 
362°4 954-0 
3893-2 877:0 
435°9 7918 
490°3 7035 
558°3 616°5 
646'3 531°:1 
7460 459-7 
872:1 3916 
140°... 293°7 1206°5 
311-5 11388°5 
336'9 1023-0 
367'1 966°4 
404-2 877°2 
2 4479 790°5 
502°6 703°8 
571-2 6185 
663°6 538Lk3 
762°9 461-0 
8991 390°0 
oOo: 800°4 1208°5 
319°3 1138°0 
345°4 1052°5 
371-7 977-4. 
413-4 877°4 
459°7 790°6 
513-8 7059 
5869 6181 
682°3 530°4 
7838 460°3 
912°5 3942 
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Series IT. 

Pressure. | Volume. PV b Pressure. | Volume. PV 
ae: millims. | cub. cms. poe fone millims. | cub. ems. Gu 
11°-0| 60-7 4045 864 |} 60°... 708 4044 860 

666 3685 864 778 3697 864 
73-6 3326 862 86:5 3336 867 
828 2965 865 96-9 2068 864 
93-7 2606 860 109-9 2607 861 
108-6 2246 859 127°3 225% 861 
129-0 1888 857 151-2 1892 859 
1589 1529 856 187-5 1525 858 
205-7 1176 852 249-9 1171 858 
287°5 837 847 285-5 995 853 
16°3} 61-8 4044 | 864 oe a we 
678 3686 864 || 70°... 734 4046 866 
752 3324 864. 80°6 3687 866 
84-0 2965 861 89:1 3331 865 
95-5 2607 860 998 2971 864 
110-7 2245 859 1135 2608 863 
1317 1883 857 131-4 2249 862 
163-4 1516 856 155°6 1894 859 
209°5 1178 853 192-2 1531 858 
2983 821 847 249-0 1177 855 
4518 536 837 292" 1004 855 
30°... 646 4047 863 ore 1817 850 
708 3691 862 || 80°...) 755 4042 865 
78-9 3331 867 826 3694 864 
88:0 2968 R62 91°8 3338 868 
100-5 2602 863 103:0 2968 866 
1160 2249 861 1166 2614 864 
138-2 1882 859 1348 2254 861 
170-1 1526 857 1605 1889 859 
221) 71 854 196-7 1543 860 
2572 1006 854 257-7 1172 856 
315-2 816 849 3046 991 855 
40°... 66:8 4048 | 864 a cet ge 
73-4 3688 865 || 90°...) 77-4 4058 864 
816 3325 867 85'1 3696 867 
913 2969 866 94-6 3329 868 
103°8 2606 864 106-0 2976 869 
120-0 2945 861 120-4 2605 864 
142-7 1888 861 139°2 2248 862 
1755 1528 857 165°7 1888 862 
228:3 1172 854 203-0 1540 861 
266-6 1000 852 266-6 1170 859 
322-7 823 849 3128 994 857 
50°...| 69-0 4050 | 865 es See rts 
75-6 3694 865 |100°...) 79:4 4048 862 
84:1 3335 866 87-4 3692 865 
93-9 2970 864 972 3340 870 
107'1 2602 863 109*1 2967 868 
1238 2947 861 1238 2610 866 
1468 1895 861 1426 2257 863 
180-4 1537 858 170-9 1884 863 
235°7 1171 855 208°9 1539 862 
2761 999 854 271-6 1180 859 
333-4 825 851 3215 995 858 
3926 813 855 
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LIV. Isopentane from Amyl Iodide. By Sypnuy Youna, 
D.Se., F.RS.. and G. L. Toomas, B.Se., University Col- 
lege, Bristol, 


TsopENTANE has been prepared from amyl iodide by Frank- 
land (Trans. Chem. Soe. iii. pp. 831 and 481) by the action of 
zinc and water, and by Just (Annalen, ecxx. p. 146) by the 
action of zine and hydrochloric acid. 

Frankland gives the boiling-point of his specimen of iso- 
pentane as 30° under a pressure of 734 millim., and Just as 
30° under the normal pressure. These boiling-points are 
considerably higher than that of the isopentane employed in 
the researches described in the accompanying papers. 

The specific gravities observed by Frankland and by Just 
are also much higher than any others recorded. On the 
other hand, Mr. J. W. Rodger informs us that he has prepared 
specimens of isopentane from amyl iodide made from Scotch 
and Irish amyl alcohol, and that the boiling-point in each case 
was almost exactly 28°. 

As it was of importance to obtain every possible proof of 
the purity of the isopentane employed for the determination 
of the physical constants of that substance, we thought it 
advisable to compare its properties with those of a speci- 
men prepared from amyl iodide. The iodide was obtained 
from Burgoyne & Co. ; it boiled within moderate limits of 
temperature, and it was not thought necessary to fractionate 
it. 

The replacement of the iodine by hydrogen was effected in 
two different ways :—(a) by the action of the zinc-copper 
couple on a strong alcoholic solution ; (b) by the slow addition 
of very strong hydrochloric acid to amyl iodide, dissolved in 
a large quantity of alcohol, in presence of zinc slightly covered 
with copper. 

In the first case zinc-foil was employed, and the couple 
was prepared by the method recommended by Gladstone and 
Tribe (Trans. Chem. Soc. xlv. p, 154) ; it was thoroughly 
washed with water, and finally twice with alcohol. The 
amyl iodide, dissolved in rather more than its own volume of 
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absolute alcohol, was added and then a few drops of hydro- 
chloric acid. The flask containing the mixture was provided 
with a reversed condenser and a glass tube, bent twice at 
right angles, the end of which dipped under mercury. 

The action at the temperature of the room (about 10°) was 
slow, for after forty hours, when a few drops of the liquid 
were added to water, the oil which separated sank to the 
bottom. Some isopentane, however, had been formed, and it 
was distilled off and collected. The remainder of the alcoholic 
solution of amyl iodide was then subjected to the action of 
the zinc-copper couple for twenty hours at a temperature of 
from 30° to 35°. The alcoholic solution of isopentane was 
then distilled from the flask containing the couple, and the 
distillate was shaken several times with water to remove 
alcohol. A considerable amount of amylene was present, and 
bromine was therefore added until the isopentane remained 
permanently coloured. The excess of bromine was removed 
with caustic soda, and the isopentane was washed with water, 
dried with calcium chloride, and distilled. The temperature 
rose from 27°5 to about 50°, when the distillation was stopped, 
a considerable amount of amylene dibromide being left in the 
flask. - The quantity of crude isopentane was too small to 
allow of satisfactory fractionation, and it was therefore mixed 
with the substance obtained by the other method. 

The remainder of the amyl iodide was treated by the 
method described by Just (loc. cit.) except that the zine, after 
purification with dilute acid, was treated once with a 2-per- 
cent. solution of copper sulphate. The action was evidently 
greatly accelerated by the presence of the copper, for Just 
states that the conversion was not complete until after 9 or 10 
days, whereas we found that very little iodide was left after 
less than 24 hours. _ 

The amyl iodide, dissolved in five times its volume of abso- 
lute alcohol, was added to the zinc-copper couple in a flask 
cooled by ice, and the hydrochloric acid (obtained by satu- 
rating the pure concentrated acid, cooled by water, with the 
gas) was added drop by drop from a separating funnel. A 
reversed condenser was, of course, unnecessary, as the tem- 
perature was maintained at 0°, but the flask was provided with 
a glass tube bent twice at right angles and dipping under 
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mercury. It was found that the evolution of hydrogen was 
not great until the reduction of the iodide was nearly com- 
plete. 

After about 24 hours it was found that when a few drops 
of the alcoholic solution were added to water, a light liquid 
separated and floated on the water. The solution was then 
poured away from the zinc and was distilled from the water- 
bath until, on addition of a small quantity of the distillate to 
water, no further separation of isopentane took place. 

The distillate was shaken several times with water to remove 
alcohol, and was treated in the same manner as the isopentane 
obtained by the other method. In this case, however, it was 
found that the amount of bromine required to remove the 
amylene was very much smaller, and also that the yield of 
isopentane was better. 

The two quantities of isopentane were mixed together and, 
after being distilled from phosphorus pentoxide, were frac- 
tionated eight times from a distillation-bulb with a long still- 
head. A fair quantity of substance, boiling quite constantly 
at 27°°6 under a pressure of 750°6 millim., was obtained. 

The isopentane was subsequently distilled on four occasions 
from phosphorus pentoxide, and the observed boiling-points 
are given below:-- 

Corrected to 


Pressure. Temperature. 760 millim. 
750°6 27°6 27°95 
753°2 20°7 27°95 
7518 27°65 27°95 
768°0 28°2 27°9 


Mean see) rs 27295 


The mean boiling- point is identical with that of the speci- 
men prepared from Kahlbaum’s “ pentane.” The specific 
gravity was determined at 0° and 13°4 in the modified 
Sprengel tube, with the following results :— 


Sp. gr. at 0°... 0°63935; at 13°4:....0:62632. 
The mean specific gravity at 0° of the other sample was: 
0°63924. 
The vapour-pressures and the volumes of a gram of liquid 
and saturated vapour were determined at three temperatures, 
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and a few volumes and pressures also at the critical tempera- 
ture. The results are given in the following table and, for 
the sake of comparison, those obtained under similar conditions 
with the other specimen of isopentane are added. __ 

It will be seen that the agreement is satisfactory, and addi- 
tional evidence is thus afforded of the purity of the substance. 

The observed critical temperature was 187°-8 (the substance 
being heated with aniline vapour under increased pressure). 
This is identical with the mean temperature observed with the 
sample from Kahlbaum’s “ pentane.” 


Isopentane from “Pentane” from 
Amyl Lodide. Kahlbaum. 
Vapour Pressure. 
Temperature. 
BG Oe Saw ns cee xgecce.z5e 16316 16323 
Meee rasasen ae pinches JOTL7. 19115 
PU tates eet nunc tire 22270 22270 
Volumes of a Gram. 
Saturated Saturated 
Liquid. Vapour. Liquid. Vapour. 
160° .., 2°3745 13°70 2°3775 13°71 
170°... 2°5545 10°73 2°5550 10°73 
180° ... 2°8560 7943 2°8590 1952 
Critical Isothermal. 
Volume, Pressure. 
ao 
18%-°S S067 26060 26040 
3°268 25350 25310 
3°468 25120 25070 
3°871 25040 25030 
4276 25020 25010 
4679 25040 25000 
5°086 25020 24990 
5493 24980 24960 
5°902 24880 24870 
6°306 24740 24730 
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LV. The Gladstone “Law” in Physical Optics, and the True 
Volume of Liquid Matter. By Waurer Hippert, EL. G: 


One of the curious results established in Chemical Optics 
is that two independent formule (those of Gladstone and 
Lorentz respectively) can be used in the discussion of expe- 
rimental data relating to the refractive index and the density 
of a given substance. Neither of them can claim any special 
advantage. They both have a wide range of application, 
yet neither holds universally good. Still more curiously, 
they break down under quite different conditions of expe- 
riment. 
The Lorentz formula, 
we—-1 1 


Eup er) = constant, 


which is able to cover the large variation in density separating 
a liquid and its vapour, gives erroneous results in the simple 
case of a liquid whose density is changed by pressure. On 
the other hand, the Gladstone formula, 

— = constant, 
is unique in its power to deal with liquids under varying 
pressure, but fails in the jump from liquid to vapour. 

Hitherto no light has been thrown on these anomalies, but 
this present paper attempts to explain the exceptions in the 
case of the Gladstone expression, and, incidentally, intro- 
duces a physical magnitude which is conveniently described 
as the “actual volume occupied by one gramme of the 
substance.” 

The suggestion of the present argument arose out of a 
number of experiments carried out by Dr. Gladstone and 
myself during the last two years. We have examined a 
great variety of salt-solutions, whose strength varied from 
saturation down to about 5 per cent.—a dilution limit imposed 


by experimental error when the hollow-prism method is 
adopted for obtaining the refractive index. 
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p—l1 

d 
for the salt is practically constant, has received special con- 
firmation by the publication of a paper by Kohlrausch and 
Hallwachs*, in which they extend the work on about 10 salts 
to extremely dilute solutions. They used an interference 
method for determining y, and a special apparatus for getting 
d with the necessary accuracy, so that the experimental error 
is not larger than usual, even when the amount of salt present 
is not greater than 0°05 per cent. of the solution. 

An examination of this body of evidence proved to me that 
the constancy of ~—1/d was much greater for an ordinary 
dissolved salt than for a simple liquid whose density is 
changed by heat. For example :— 

When heptane is heated from 12° to 88° its density changes 
by about 10 per cent., and the value of ~—1/d by 0°55 per 
cent. 

Sodium chloride, diluted from 13 per cent. down to 0:03 
per cent. (a concentration change of 400 to 1), has its valne 
for #~—1/d changed by 0:22 per cent. only. 

In speculating on this far greater constancy in the case of 
a dissolved salt, it seemed not unreasonable to regard the 
solution in the light of Van’t Hoft’s theory, attributing a 
pseudo-gaseous condition to the dissolved salt. This at once 
suggested other comparisons, and led to the following summary 
statement of all experimental results on the subject :— 

1. The Gladstone expression is true in the case of gases 
whose density is changed by varying pressure f. 

2. Itis true in the case of liquids whose density is changed 
by varying pressure f. 

3. It is true (or a very close approximation) in the case of 
dissolved salts, especially in dilute solution. 

4, It is'a less close approximation in the case of simple 
liquids undergoing thermal expansion. 

5. It altogether fails when a liquid is changed into vapour. 

% Wied. Ann, 1894, liii. p. 1. 

+ Biot and Arago, Mém. d. ?Inst. vii. p. 801 (1806), and Chappuis and 
Riviére, Compt. Rend. ciii. Biot and Arago express their results 
(u?—1)v=const. But p* is only slightly greater than unity, and there- 
fore (u—1)v must also be constant. 

{ Quincke, Phil. Mag. 1884, xvii. p. 69. 


Our main conclusion, to the effect that the value of 


2y2 
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On studying the results included in 4, it appeared that they 
had one point in common. If the variation be expressed in 
symbols, it may be put in the form 

=e,(1+at), 

fixes 

d 
Examination showed that all good experiments gave a nega- 
tive sign for the coefficient a. In other words, the value of 
e always diminishes as the density diminishes. If we put 
(u—1)/d=(~—1)v, where v is the volume of unit mass, we 
may say that («—1)v always diminishes as v increases. This 
statement is still more emphatically true when the liquid 
becomes a vapour. 

Therefore, in classes 4 and 5, whenever v increases the 
product (~—1)v diminishes. In liquids, where the change in 
vis not very great, the diminution of the product is small ; 
but in passing to vapour, where the change in v is enormous, 
the product (w—1)v undergoes a large diminution. To put 
the same thing in the inverse sense, the results show that 
when v becomes comparatively small, there is a marked 
increase in the product. So stated, they afford criteria by 
which we may possibly find the cause of the deficiency. 
The conditions are almost a reproduction of those which led 
to the second approximation in the case of Boyle’s law. 
Experiment showed that the product pv was only constant 
when v was comparatively large. As v diminished, there was 
a tendency for the product to increase, and it became 
necessary to suppose that the expression pv referred not to the 
whole space symbolized by v, but to v minus the space occupied 
by the particles. Hence OED where 6 is the actual 
volume of the matter, has taken the place of pr. 

It appeared to me, that the similar experimental results 
would warrant the introduction of a similar symbol in the 
Gladstone expression, thus transforming it into 


where ¢ and e, are the values of ! at 0° and ¢° respectively. 


(u—1) (v—B)= constant. 


It is at once apparent that the introduction of 8 tends 
to remove the anomalies, and also evident why cases 1, 2, 


and 3 in the above summary are satisfied by the uncorredted 
formule. 
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In 1 and 8, that is in the case of gases and dissolved salts 
respectively, the value is negligible compared with v. 

In 2, owing to the very slight compressibility of the liquids, 
the changes in v are always exceedingly small. Hence »x—8 
will change almost as much as », if, as is probable, 8 is not a 
large fraction of v. 

In 4, the case of liquids undergoing thermal expansion, 
the changes in v are great enough, as compared with the 
value of 8, to cause an appreciable difference between the 
ratios v/v, and (v—8)/(v;—B). 

In 5, the case of vaporization, we have v for the liquid 
comparatively small, changing into-a very large value in the 
vapour. Here there is a decided and altogether disturbing 
difference between the ratios v/7, and (v—)/(v,—)*. 

Evidently, then, if the numerical data are found to be of 
the right order, the introduction of 8 will remove the reserva- 
tions with which the Gladstone law is usually stated. More- 
over, the physical conditions under which 8 needs to be 
introduced render it probable that 8 has, or may have, a 
physical meaning, and is not merely of the nature of an 
arbitrary constant. But the real justification for introducing 
8 must be, & posteriori, by showing that the calculated values 
are not improbable, and that they have relations to other 
physical quantities. 

We can determine @ for any one substance from observa- 
tions on a liquid at two different temperatures. 

Let 44, /: be the refractive indices ; v, v2 the volumes of 


* This paper was written out before I recalled the fact that Ketteler 
suggested the same solution for the discrepancies experienced in applying 
the expression (u?—1)v=constant. Writing it (u?—1) (v—f) he examined 
a series of experiments made by Weegmann (Zeit. phys. Chem. ii. p. 905). 
The result was not very encouraging. But I am of opinion that there 
are two reasons for that discouragement. First, Weegmann happened to 
work on substances of exceptional density, a fact which ought to fore- 
shadow the probability of exceptional results in any volume deduced 
from them. Secondly, the expression (4°—1)v is surely not so good a 
basis for the investigation as the simpler one due to Gladstone and Dale, 
In ordinary liquids it is not so constant; it is not supported by Quincke’s 
experiments on liquids under pressure (comp, Sutherland, Phil. Mag. 
1888) ; nor does it render such service in Physical Chemistry as either the 
Gladstone or Lorentz expression. 
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unit mass (= 4) at the temperatures of two experiments, 
and let 6 have the meaning suggested, then 
(41-1) (1:8) =(42—1) (8), 


and B= (M1 tam 1)v, a (M2—1) v9 
Pips 


This equation shows that the measure of @ will depend 
on differences which we know to be small, and it is at once 
evident that the best experiments only will be serviceable. 
Thus, a table of results for carbon disulphide gives the follow- 
ing figures for the temperatures of 0° and 40° Centigrade ; 
the data are Ketteler’s :— 


fy =1°64375, wo=1°61187 3 v4, ="773814, v-="81108. 
Therefore 


__ 0:497709—0°496245 — 0:001464 


p= 0-03188 = 9-03188 = 00459. 


Here the difference between the two terms of the numerator 
is only 545 of either, and as each term involves only the 
fractional part of the index, any error in mw is multiplied 
about 900 times in its effect on @. 

This makes it imperative to attach weight only to those 
experiments where special appliances have been adopted to 
keep the temperature constant during the observations. For 
this reason I simply allude to the few results I have myself 
obtained in a few preliminary experiments, reserving data for a 
fuller discussion. The results here presented depend almost 
entirely on the work of three sets of observers, namely, Nasini 
and Bernheimer, Perkin, and Ketteler. It would be in- 
vidious for me to single out one of these as more accurate 
than the others ; their papers show that all the experiments 
are of a high order of accuracy. It is doubtful, however, 
whether Perkin’s data are not the most serviceable for our 
present purpose, if only for the reason that the interval of 
temperature he employed is greater, with the consequence’ 
that the differences on which 8 depends become more marked, 
and thereby afford greater accuracy. 
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Table I. is drawn up from a paper by Nasini and Bern- 
heimer*, They were the first to use a jacketed prism, so 
that their results are the earliest of those suitable for deducing 
B. One substance in their list—bromonaphthalene—has been 
omitted, as it stands alone in giving an increase in (u—1)v 
It is probable that the limit of experimental 
error is reached with that substance. 


on heating. 


TABLE I, 


Substance. 


Thymol, O,,H,,0. 


; Cinnamic Alcohol, 
0;H,,0. 


| Anethol, C,,H,,0. 


a- Methyl a-Naphthol, 


C,,H,,0. 


| 
| 


Dimethylnaphthalene, 


$25 12°. 


14:9 


.| Density. 


0:96895 
0:92838 


104017 
1:00027 


099132 
0°94041 


1:09636 
1:04661 


101803 
097411 


Pos 


al'51453 
al49189 


15731] 
1549389 


155559 
152526 


161474 
158508 


1:60765 
157901 


p= 
(u—1)o— yD, 
Py 3 


0-0563 
0-0600 
00625 


Mean 0:0600 


0-077 
0-086 
0-011 


0-080 


0-066 4 
0-063 
0-069 


0-066 


v 
at lower 
temp. 


1:0820 


0:96055 


1:0087 


09121 


0-9823 


Sake 


0:058 


0:083 


0:0655 


0-0680 


0-09 


Column 2 gives the temperatures, 3 the densities, and 
4 the indices for the line « Col. 5 gives three values of 
6 as calculated from the two indices for each of the lines 


a, D, and f. The indices for D and 8 will be found in the 
original paper. 


* Gas. Chim. Ital, xy., 1885, 
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The third value (that given by Hg) for cinnamic alcohol 
appears to be wrong, and the third value for methyl a- 
naphthol also, though to a less degree. In calculating the 
means, I have ignored the first’ and allowed only half weight 
to the second of these. 

The next table contains all the observations made by Perkin*, 
whose apparatus was still more perfect than that of Nasini 
and Bernheimer. The index is quoted here for the line D 
only, but the quantity @ has been calculated from the lines 
A,C,D,and F. Where a fifth value is given, it is calcu- 
lated from the line G. 

Tables I. and II. contain the results yielded by substances 
of very varied chemical types. It may be stated at once 
that, although the last six substances have been put in the 
Table, the discussion of the figures they yield will be deferred. 
It is known that they are of very exceptional character ; for 
example, that they change in chemical constitution when 
heated, so that it is not strictly the same substance we are 
dealing with at the two temperatures given in the Tablet. 
Excluding these compounds, the values of 8 are of a satis- 
factory order. They do not vary largely, the extreme values 
being 0:09 and 0-043, most of them lying between 0:065 and 
0:045. That is to say, on the hypothesis which led to the 
calculation, the actual space filled by one gramme of the 
substance is about one twentieth of a cubic centimetre. 

Column 7 shows the value of 8/v, that is the ratio of 
the actual to the apparent volume of a liquid. The extremes 
are 0°15 and 0:054. Ifwe exclude methylene di-iodide, a 
substance of exceptional density, the extremes are 0:09 and 
0-054, and twelve out of the sixteen liquids lie between 0:076 
and 0°054 ; the average value is 0-064. 

These results are promising, both with regard to the abso- 
lute magnitude and the approach to similarity of value for 
the different liquids. This last fact was to be expected, for it 
is probable that ordinary liquids, under similar conditions of 
temperature and pressure, have volume constitutions of a 
fairly uniform type. 


* Chem. Soc, Journ, 1892, pp. 287 & 800, 
+ Compare Perkin, Chem, Soc. Journ. 1892, p. 840. 


Substance. 


Heptane, C,H,, 


ereee 


Octyl Iodide, O,H,,I. 


| 


1 


Methylene Todide, 
EES: 


Toluene, O,H, 


Phenyl] Chloride, 
C,H,Cl. 
| 


Phenyl Bromide, 
C,H,Br. 


Phenyl Iodide, C,H,I. 


Aniline, O,H,N ...... 
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14 
88 


10°7 
90 


9:6 
89°2 


4:2 
89-2 


Deusity. 
0:69026 


0°6230L 


1:34096 
1:253882 


3°3480 
31390 


0:87532 
0°79949 


11167 
1-0302 


1:5100 
139638 


1:8482 
17272 


1:02792 
0:95783 


Ho: 


1:39220 
135197 


174935 
169500 


15028 
1:45673 


153105 
148731 


162755 
1:58301 


15912 
154867 


(2—1)v— (1), 
BP Py 


Mean 0-081) 


0:0467 
0:0476 
0-048 


0-0475 


0:0425 
0-0429 
0:0442 
0:0445 


0:0440 


0:0677 
0:0683 
0:0688 
0:0709 


= 


00688 
00421 
0:0533 
0:0572 
0:0543 
0-0577 


0:0540 
0:0458 
00440 
00464 
0:0487 
0-052 


0:047 


00444 
0:0441 
0:0450 
00461 
0:0465 


0.0452 
0:0490 
0:0513 
00546 
0:0537 
0:0538 


0:0525 


677 
v 

at lower S 

temp. ie 
14487 0:056 
0°7457 0:063 
0:29868 | 0:15 
1:1424 0:06 
0°8955 0:06 
0°66225| 0-071 
0°54107| 0:083 


0°97283} 0-054 
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678 
Substance. | Temp. 
=n ae 
Dimethylaniline, 8 
O,H,,N. 89-7 
a-Naphthylamine, 51 
aE Nes 88°4 
Ethyl Cinnamate ...... 12:9 
91-1 
Acetyl-acetone ......... 11 
99:3 


Methyl-acetyl-acetone. 


Ethyl-acetone-oxalate. 


Ethyl-diaceto-acetate. | 


8:34 
99-2 


17 
100 


17°6 
99°8 


Table II. (conténued). 


Density. 


096688 
0-89961 


1:10043 
1:07207 


1:05560 
| 098815 


0-98506 
0°89787 


0-99189 
0°90324 


1:12879 
1:04109 


1:09313 
1:0675 


ip. 


156535 
152345 


167084 
1:65209 


156351 
1°52500 


1:44493 
139634 


144210 
1:39526 


1:46503 
142617 


1-45729 
141932 


(c= 
(u=})o— (i) — 1), 
eal 


0:0610 
0:0665 
00671 
0:0850 


0-068 
0-060 
0:0678 
0:0704 
0-0800 


0-069 


v 
at lower 
temp. 


1:03425 


0:90873 


0:94733 


10152 | 


1:0081 


0°8859 


0:9148 


0-065 


0-076 


0-071 


0:235 


0:185 


0:080 


0:0564 


Pr. 
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Table IIL. (continued). 


B = v 
Substance. Temp.|Density.| p>. (w—1)v—(p,—1)v, } at lower 
R= Py Riaees 


i en) 


fe) 
Diacetyl-acetone ..... 60 1:04248 | 1-46691 | 0-292 
99°8 | 1:00615 | 1:44386 | 0291 
| 0:309 
| 0°350 


0314 096146] 0:326 


Allyl-acetyl-acetone ...! 13:5 | 0°97671 | 1-46156 | 0°1515 

99°2 | 0°89832 | 1-41868 | 01614 
0°1680 
01894. 
0-205 


| 0-175 1:0238 | 0-1709 


It may be objected that the average values obtained for 8 
and @/v are much too small, seeing that other estimates of 
these quantities give much larger figures. The ratio 


actual volume of molecules 
apparent volume of liquid 


is generally estimated to be about 0°2 or 0:3; that is, about 
four times greater than the value now found by the new 
hypothesis. 

To this objection it may be replied :— 

1. Prof. Tait has expressed the opinion that ‘“ the estimates 
hitherto made can hardly be called even rough approximations. 
But probably the particle does not occupy so much as 5 per 
cent. of its share of the whole content” *. This estimate is 
not far from the 6 per cent. yielded by the foregoing cal- 
culations. 

2. It will be suggested at a later stage that the expressions 
which give 0:2 or 0°3 for the ratio 8/v probably measure, 
not the molecular volume itself, but that part of the apparent 
volume which may be called the molecular domain. 

Postponing further consideration of this argument, we may 
inquire whether the value of 8 is dependent on the particular 


* Tait, ‘Properties of Matter,’ p. 90, 
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temperatures employed in the observations. That is to say, 
presuming that it is a measure of molecular volume, does it 
show any change in value at higher or lower temperatures ? 
Very few series of observations are accurate enough to stand 
the severe test imposed on them by an attempt to answer this 
question. Of the few that seem suitable, I shall give two 
examples, taken from the work of Ketteler*. From these it 
will appear that the answer varies, carbon disulphide showing 
a constant value for 8 at different temperatures, while water 
gives a diminishing value as the temperature rises. 


Carbon Disulphide, CS,. 


Temperature. OF Pp. B. (u—1) (v—B). 
— 20 0°75582 165950 0-0476 0:46879 
—10 076449 165158" 0-0476 0-46878 

0 077314 104875 | esse 0:46874 
10 078207 1-63593 0-046 0-46872 
20 0°79131 1:62806 0:046 0-46873 
30 0:80093 1-62004 0:0464 0-46871 
40 0:85515 161187 00459 0-46871 


Here it is evident that the value of @ remains practically 
constant through a range of 60° C. The values given were 
calculated from O° as one of the temperatures in each 
case. 

If 8 has the meaning here assigned to it, the above 
measurements indicate that 1 gram of carbon disulphide 
actually occupies 0°046 cubic centimetre. Moreover, if we 
take the ratio B/v, we find it to be 0°062 at 0° C., which is 
again very near the average value yielded by the many liquids 
already given. 


* Ann, Phys. Chem. xxxy, p- 698, 
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Water. 
8 calculated | 6 calculated 
Temperature, se Fo: from first. | for each pair. 
20°9 100196 1 SOLS TNE eeatess 
\ 204 
31:0 1:0044 1:°33177 0-204 
114 
56°0 1:0149 1:32776 0:150 } 
085 
87:0 1:0336 132107 0:114 
067 
94:0 1:0386 1°31943 0:108 J 


The result here is quite different from that shown by carbon 
disulphide ; 8 varies with every change in the temperature. 
It is given in two columns, the first containing values obtained 
by taking each observation in conjunction with that at the 
lowest temperature. The next column contains values obtained 
by taking each pair of observations. This last series is the 
more suggestive. 

Ist. It shows 8 to be diminishing as the temperature rises, 
and gives the value it has between 87° and 94°. At this 
temperature, where the water is approaching its boiling-point, 
the value of 8 becomes 0°067 cubic centim., a close approxi- 
mation to that given by the other liquids. 

2nd. The ratio 8/v at the high temperatures is 0-063, 
almost exactly the ratio 0°064 given by the other liquids. 

These results are suggestive, and at once raise a question 
as to the meaning of the diminution in f as the temperature 
rises towards boiling-point. Any one acquainted with recent 
researches on the physical properties of liquids will at once 
recall those of Ramsay and Shields on Molecular Complexity; 
those of Thorpe and Rodger on Viscosity of Liquids, &c., as 
bearing on this question. The investigations mentioned, 
along with others, have rendered it almost certain that the 
molecule of water is a complex of the form nH,Q, and that 
the value of n in this expression diminishes as the temperature 
rises. Consequently the high value now found for the volume 
of the water molecule, as measured by 8, appears to be 
another indication of its greater molecular complexity, and 
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the fall towards normal value as boiling-point is approached 
points to a molecular simplification as indicated by the other 
methods. 

Somewhat similar, though more erratic, is the available 
evidence with regard to other liquids of known molecular 
complexity, such as the alcohols and acetic acid. The figures 
are not now quoted, as they must be redetermined with 
greater accuracy and perfect exclusion of atmospheric 
moisture during the experiments. 

We may now test the value of @ in another way. It has 
already been mentioned that the ordinary Gladstone expres- 
sion fails to deal with the transition from liquid to gas, and 
the suggestion is now made that the discrepancy is due to the 
neglect of the volume of the particles, a quantity which 
practically vanishes in the case of vapours. 

The question arises, will the value of @ deduced from a 
liquid bring the liquid and gaseous numbers into agreement ? 
Not many observations are available for this comparison. 
Obviously the same specimen ought to serve for the liquid 
and vapour. The work of Lorenz* and Prytz almost exhausts 
the published data of this sort. 

Lorenz gives two observations on the liquid at different tem- 
peratures, and also an observation on the vapour formed by 
the liquid. Unfortunately Lorenz selected the temperatures 
of 10° and 20° C. for the observations on the liquids, which 
are too near one another to afford a very satisfactory basis for 
calculating 8. Notwithstanding this, the results as shown in 
the following table (p. 683) are very encouraging. 

This table shows that the difference between the specific 
refraction of a liquid and its vapour as calculated by the 
Gladstone expression may be 10 per cent. of the whole; also 
that if the value of 8 as calculated from the liquid be em- 
ployed in the modification now proposed, the difference 
between the liquid and vapour falls to less than 1 per cent. 
With a more accurate estimate of @ this difference might be 
still further reduced. The modified expression gives practi- 
cally a constant for both liquid and vapour. 

One remark ought to be made. The value of @ for carbon 


* Wied. Ann. 1880. 


—_———T- 
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Specific Refraction | 8 calcu- |Specific Refraction 


Substance. Temp. UH: ee ge P): 
Sagat, |Wapours ty es Magee vba. 
3 

eae PARES ota ae | 4080 | oosse | -4384 | -4280 
Chloroform '.-...----| 10 | 2979 |\ 0681 | oosr2 | 2677 | -2681 
Boy Todi) 35 | goon | | 2884 | 0686 | 2282 | 2584 
Bey Aceiate wl 3g | tay |} 40 | 0030 | 4085.) 401 
cee | 30. | 4500. |} 4561 | 0-098 | 4554 | 4861 


disulphide is much greater than that deduced from Ketteler’s 
figures already quoted; a fact which is difficult to explain, 
though difference of specimen may have something to do 
with it. 

There is another set of observations by which f can be 
tested. Prytz has given data for nine liquids and their 
vapours; but as he only took one observation on the liquid 
his work is only available for calculating 6 from the liquid 
and vapour values. This can be compared with the average 
values previously obtained. 


calculated from Liquid 
Substance. B End Casal q 

Methyl Alcohol ............ 0:09 
Ethylene Chloride ......... 0-116 
Ethedene A ee eee 0:085 

PA CELONOGN Wa ten: vostes teautesse: 0-091 
Methyl Acetate ............ ‘ 0:0655 
Ethyl Formate ............ 0:093 
Propyl Lodide: <--..2..<255..« 0112 
Methyl Propionate ......... 0-096 
IBONZONO sa eeecen cen seses sens: 0°16 


These values are slightly higher than those deduced from 
two observations on the liquid, but the difference is not great. 
A prima facie case having been shown for attaching some 
physical significance to the symbol 8, it appeared probable 
that the values for different substances would. show definite 
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relationships between themselves ; or that the value of 8 for 
a given substance would be related to the value of v at the 
freezing, boiling, or critical temperature. 

Of these the boiling-point is the one for which data are 
mostly available, and a little examination suggested a close 
relation between the absolute temperature of the boiling- 
point and the two volumes v and 8. It may conveniently be 
written up 

Ba VI 

For the Centigrade scale the relation indicated seems to 
approach one of equality. 

There are ten substances for which 8, vr, and T are known 
with sufficient (or apparently sufficient) accuracy. The above 
equation is here used to find the value of @ from v and T, 
and the value so obtained is compared with that given by the 
optical data. 

The following table shows that the results are in fair 
agreement, if we remember that the three data compared 
together are mostly due to different observers using different 
specimens. 


Lee arom 
Substance. Une VT. Ups MT | nefenohign dl 
Heptane’sivectsoesiseotes 1-629 193 | 0084 | Oosl — 
Carbon Disulphide ...| 0°818 17°89 0:0457 0-0460 
Aniline 1146 21:2 0:054 0:0525 
Toluene 1:282 19°62 0:065 0:068 
Water 1-043 1984 | 0054 |{ 0067» 
Phenyl Chloride ...... 1:044 20°1 0-052 0:054 
Pheny) Bromide ...... 0°766 20°7 0:0365 0:047 
Phenyl Iodide ......... 06388 21:5 0:03 0:045 
Ethyl Cinnamate...... 1:2005 23°15 0:052 0:068 
Ethylene Dibromide...| 0°5178 20°13 0-026 0-031 


Many other figures might be given but they are of inferior 
accuracy, and ought not to be placed along with those just 
quoted. The examples are sufficient to establish a case for 
further inquiry, inasmuch as the agreement is close enough 
in six or seven cases to preclude the notion of accidental 
coincidence, 

lf additional data confirm the foregoing result, it affords 


———_- 


“TAW” IN PHYSICAL OPTICS. 685 


us another method of calculating the quantity @ when the 
boiling-point and the density at that temperature are known. 
I propose to get 8 for other substances by this method, and 
test several deductions by the result. Itis evident, on general 
grounds, that values of 8 calculated by this method will be 
of the same order of magnitude as that given by the optical 
data. All ordinary liquids boil between, say, 50° and 300° 
Centigrade, or 820° and 470° absolute ; and the square roots 
range between 18 and 22, with average about 19, which is 
fairly near the average ratio for v,/8. 

It is hardly necessary to point out that this relation may 
possibly supply a hint as to the unknown law between volume- 
relationships of liquids and the temperatures. For example, 
I was tempted to compare the varying value of @ in the 
case of water with its very varied coefficient of thermal ex- 
pansion a, 

Apparently, these two quantities are inversely proportional, 
as shown in the following table by the comparative constancy 
of the product 8 x a. 


Water. 

Temperature-range. B. a, : BxX«a. 
20-9 to 81 0:203 00025 ~ .0000505 
Slee 06 07144 -0004 | 0000576 
56 4, 87 0-082 00059 0000482 
87 ,, 94 0:067 00072 0000482 


In reading this table the approximate character of the 
value for 8 must be kept in mind. The last column then 
indicates the probability of some connexion between f and a. 
a is calculated from data given by Thorpe. 

Slight though this evidence may appear it seems to me 
to warrant further careful investigation, in view of the 
desirability of finding some method of obtaining a general 
law governing the thermal expansion of liquids, and the 
admitted difficulty of the problem. 


VOL. XIII. ae, 
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Note—I have quite recently calculated the value of 6 
from another series of figures due to Ketteler, and quoted in 
Landolt and Bornstein’s tables. The general tendency is as 
above, but the product @xa varies from '0,428 to *0,600. 
There is perhaps internal evidence, however, for regarding 
the figures as less accurate than the foregoing, so that I let 
the matter stand, subject to correction. 

Summing up the general results obtained so far, we find:— 


1. In simple liquids the quantity 8 lies between narrow 
limits, the average being 0°05 cubic centim. 

2. The ratio B/v averages 0:064. That is, the actual 
volume of the molecules is about 6 per cent. of the 
apparent volume. 

3. Liquids known to have exceptional physical properties, 
such as water &c., give higher values of 8 than usual. 
This higher value changes with temperature, and is 
probably a measure of molecular complexity. 

4, There is reason to think that some liquids, like carbon 
disulphide, yield a constant value for @ at different 
temperatures. 

5. The value of 8 given by a liquid enables us to apply 
the Gladstone formula (amended) during the transition 
from the liquid to the gaseous state. 

6. There are grounds for believing that the value of B is 
related to other volume-relationships of the substance, 
as, for example, the specific volume at the boiling- 
point. 

7. In some cases there may be a connexion between @ and 

the coefficient of thermal expansion. 


A further argument for the introduction of the quantity @ 
is the fact that it will remove certain anomalies in molecular 
refractions, bringing the value for hydrogen, chlorine, &e. 
into harmony with that given by the gaseous elements. This 
point, together with others of a like nature, is reserved for 
another paper. 

So far as the suggestions thrown out are probable, it would 
appear that “the actual volume of the particles” is not 
a correct expression for B. ‘In the case of water, B has a 
varying value, which is attributed to the resolution of its 
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complex molecule into simpler forms. But such resolution 
could not diminish the volume of the particles, unless we 
mean by this phrase “the true volume of the atoms + the 
inter-atomic space.” Ifwe imagine a surface drawn to enclose 
the molecule, it will include such space as lies between the 
atoms in that molecule. Similarly, when two molecules 
coalesce to form one of greater complexity the space occupied 
by the two is greater than before. They do not actually 
touch, so that the enclosing surface has a greater volume 
than twice that which encloses one molecule. 

The results obtained so far show that the modified Glad- 
stone expression promises to cover all ranges of density *. 
This wide range of applicability is obtained by emphasizing 
the volume-relationships involved in the formula—a fact 
which acquires further significance when we remember that 
it is as a measure of a volume that the Gladstone expression 
has proved so useful. For the specific refraction of a sub- 
stance, (u—1)v, is evidently a fractional part of the specific 
volume v. Moreover, both Dufet (Journ. de Phys. 1885) 
and Sutherland (Phil. Mag. 1888), in developing a theo- 
retical basis for the Gladstone law, have shown that ‘‘ volume 
of molecules” is involved, though the exact definition of the 
phrase is not arrived at. 

It seemed worth while asking whether this fractional part 
of the volume had a physical meaning. If the quantity 8 
may be regarded as a measure of true molecular volume, and 
there still remain a certain element of volume to be measured, 
it will most probably be found by accepting a well-known 
kinetic constitution for the liquids. If temperature be con- 
stant, we may assume that each molecule of a liquid vibrates 
as a whole over a certain region called its domain, the centre 
of this region being defined as the centre of the molecule 
when in its mean position. 

The extent of the domain, and the relation between it and 
the total volume, will depend on the energy of molecular 
motion, and on the law of molecular force with regard to 
distance. 

* Except perhaps in the case of certain solids. See data for refraction 
of solids collected in the paper by Dr. Gladstone and myself already 


mentioned, Chem. Soc. Trans. 1895, p. 831. 
222 
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Thus the apparent volume is made up of fractional parts, 
one of which may be called the sum of the volumes of the 
molecules, another the sum of the volumes of the domains, 
and a third the interstitial spaces. A satisfactory theory 
for evaluating these can perhaps not be found till more is 
known of the magnitude and law of the molecular forces, but 
an empirical examination suggested that (w—1)v might pos- 
sibly serve as a basis for finding the domain. At any rate it 
gives by transposition a part of v which fairly answers to the 
only criterion of the domain which I can lay down. 

Nothing is known as to possible change of the dimensions 
of the molecules themselves, but it seems highly probable that 
the domain of a given substance will most certainly differ 
under different physical conditions. Still further does it 
seem probable that the domain of different substances, heated 
between the same temperature-limits, may change in the 
same ratio. Figures in the tables which follow will prove 
this for the new expression, to what may be called a first 
approximation. 

The transformation referred to is 


earl ><], 


the value of the square bracket on the right being equal to 
eal 

It was evident to me, and will be to any one familiar with 
the data given by molecular refractions, that this last expres- 
sion gives a fraction of v tolerably near that obtained by the 
use of the other well-known expression 


(ee! 
ae 
I can best illustrate this by taking a table from a lecture 
‘on the “ Range of Molecular Forces”? delivered to the 
Chemical Society by Riicker (Chem. Soc. Journ. 1888, 
p. 253). 
Using Hopkinson’s data, Rticker compares the values of ° 
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for five substances (K = specific inductive capacity). His 
object is to show that the figures justify well-known theories 
due to Clausius, Clerk-Maxwell, and others. Assumptions 
underlying these expressions make them a measure of the 


ratio 
true volume of molecules 


apparent volume of liquid’ 


though the expression “ true volume of molecules” is a quan- 
tity depending on what is better known as the “diameter of 
the molecule,” 7. e. the smallest distance between the centres 
of molecules. 

The table is quoted bodily, with an additional column to 


show the value of “ ces 


, this last being the factor of v in the 


square bracket of the transposed expression. 


Substance. Formula.| XK, Peete hae : i a 
Amylene ...... C,H,. | 205 | 19044 | 0-260 | 0232 | 0-245 
Benzol .....+.+. O,H, | 238 | 22614 || 0315 | 0-296 | 0-384 
Moluoloiscs.s.5s5 Oeke 2-42 2:2470 0:321 0-291 0°333 
Ke lolac Gane. C,H, | 239 | 22288 | os17 | 0-290 | 0320 
Cymol ..sessees C,H,» | 225 | 22254) 0294 | 0290 | 0-295 


Here it is evident that there is a close agreement among 
the three sets of figures, amply sufficient to justify further 


is nearer 


examination. So far as differences occur, f= 
K-1 ._ we 
K+2 than is e+e 
In pursuing this comparison I shall introduce £, so that 
v—B 
(u—1)(vx—A) =n] (»—-8)— =I. 
L : 


The square bracket is equal to 


A= (7-8); 


690 HE GLADSTONE “ LAW” IN PHYSICAL OPTICS. 


and it is under this head that the figures appear in the 
following tables :— . 
Carbon Disulphide. 


Temperature. fae oo ad (v—B). ls ae 
e+e ly calculated 
~20 0:2788 0-2821 0-427 0-4259 
—10 0:2793 0'2835 0°4349 0:4341 
0 0:2798 0:2847 0:4424 0 
10 02803 0:2867 0:4494 0°4502 
20 0:2808 0:2875 0°4578 0°4581 
30 0:2813 0:2890 0:4659 0:4659 
40 0:2819 0:2904 0:4746 0:4735 


The experimental data are Ketteler’s, and have already been 
given. 

On comparing columns 2 and 3, it is seen that the figures 
are remarkably close to one another. The difference is just 
over 1 per cent. at —20°, and though it increases as the tem- 
perature rises, it only just exceeds 3 per cent. at +40° C. 

Column 4 contains the values of the second term in the 


bracket, or ith of v—f; and column 5 contains the “caleu- 


lated” values for the same expression. The calculation is 
made by taking the value at 0° C. and multiplying by the 
square root of the ratio of absolute temperatures. Thus the 
value at — 20° is equal to 


0-4494x4 / 294 —0-4959. 
274 


I was led to try this by the results obtained in the first part 
of the present paper, and the extremely close approximation 
of the’ calculated to the other numbers is surely of some 


importance. The quantity uns will be referred to as the 
interstitial space. as 

The next table contains data for substances already men- 
tioned. 


vereeeraceee 


Difference. Ratio of 
Substance. Temp.| #—1 (vB) wel aes New 
be pr+2 | Actual. per cent.| Values. 
fe} 
SELIG TCO pees ie 24-4 0°39022 03110 0:079 20 1-0154 
77 039542 | 03124 |... A \ Ol 
Cinnamie Alcohol...... 24:8 0°3208 0°3168 0-004 1b 5 
77 | 03261 |o3182 |]... | f 10152 
PAMOULLOL ce cavcsscaseeeeeece 14-9 0:3378 0°3241 0:0137 + 10199 
: 77 03445 | 03260 |... A \ : 
a-Methyl a-Naphthol | 14 0°3255 0°3182 0:007 2 1-018 
. - 77 03316 | 0-3202 |... } wacll 
Dimethyl Naphthalene| 16 0:3377 03395 |—0:0018} —06 
78 0:3438 0:3412 
Heptane!s... access snsnts 12 0°3853 0°3451 0-04 10 1-030 
” 89 0°3968 0°3471 oe O08 } 
Octyl Iodide ............ 14 09-2303 0-2164 0-014 6 1-024 
eee eeeae 88 0:2358 0:2177 AC —l1 } 
Methylene Todide...... 8 01091 01216 |—0-012 aha } 1:0318 
Soe come 87 0:1126 0:1225 oer sae 
Toluene Bawsisseesaianaseriae 10°7 0°3591 03576 0-021 6 \ L-0312 
oases 90°53 0:3703 03403 Sree aor rs 
Phenyl Chloride ...... 9-6 0:2922 0:2771 0-015 5 \ 1-029 
caibeite 89 0°3007 0:2793 o9e ae 4 
Phenyl Bromide Fetes 4:2 0:2230 90-2168 0-006 3 | 1-031 
a) Le Oates 89:2 0°2296 02185 ae wine if 
Phenyl Iodide ......... 8 071913 01919 |—0-0006| —0°3 \ 1-028 
“yt aathaaa Ree 88 0:1967 0:1935 Bed ame 
HOTVIREN OH aaaaee Reese sea 11:2 0°3417 0°3288 0:013 4 \ 10273 
Sones Bee aa 90:1 ele ete wes s rp 
Dimethylaniline ...... 8 03462 3336 0-012 c pat 
PMS wih a) 897 | 0:3567 | 03363 |... re ee aed 
Ethyl Cinnamate ...... 12:9 03169 0°4210 0104 33 \ 1:0255 
Es 9L-1 0:3250 0:4378 mes nae 7 
a-Naphthylamine ...... 51 0:3370 03396 |—0:0026 08 \ 
Pie, We Og cca) 2 88-4 0°3408 0:3409 see ae 
Acetyl-acetone ......... 11 0:2387 0:2702 | 00315) 18 } 10349 
Sonen ean 99°3 0:2488 0:2678 ae tes 
Methyl- acetyl-acetone | 834| 0:2560 0°2668 |—0:0108 + \ 1-033 
99:2 0:2800 0:2656 a, 
Ethyl-acetyl- acetone...| 15-4 
Be ‘| 100°3 a. 
Ethyl-acetone-oxalate 17-0 0:2587 0:2449 | 00188 5 } 1-0272 
= 1000 | 02665 | 02545) .. |... 
Ethyl-diacetol-acetate | 17°6 0:2710 0:2493 | 0:0217 8 \ 1:0267 
: 998 | 02615 | 02367 | ... He 
Diacetyl-acetone ...... 60:0 0:2065 0:2667 |—0:0602] 29 | 
Soenicease 99°8 0°2089 Ute Ga ie vs 
Allyl-acetyl-acetone ...| 135 02681 2812 |—0° oy) 0322 
? ‘i 99:2 0°2769 0:2809 sis J oe 
Ethyl Acetate ......... 10 0:2909 0:2546 0:0363 12 ; 
et 20 | 0300 | 0249 | | os ee 
Inlonoformile vers. .cc. + 10 01848 "005 } ! 
Se ae 20 | ots fom | | uae 
Ethyl Alcohol ......... 10 0:326 : 046 } : 
eon Pi ee 20 | 08276 [02807 | ow | a oe 
[Bodide......s.c.3. 10 0-1514 —0: } : 
“2s ei 20 | O21 O18 | | os UES 
Carbon Disulphide ...| 10 0:2668 28 —0° ; 
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On examining this table we find that the new expression 
gives results which very fairly agree with those derived from 
Lorentz’s formula. The average difference between the two 
is about 5 per cent., a difference not greater than that which 
would be yielded by the expressions of Clausius and Maxwell. 
So far as this agreement goes we may regard 


p—l1 
= (v8) | 
as a fair approximation to a volume quantity, which I may 
be allowed to call “ molecular domain.” 

The value, as given by either formula, increases with the 
temperature. The highest increase by the u? expression is 
about one per cent. in the case of aniline. Whether such an 
increase could be attributed to the molecule proper, is an 
unsolved problem. It is usual to regard the values yielded 
by the Lorentz formula as more constant than here appears, 
but the figures are too numerous and too reliable to leave any 
doubt about the magnitude of the change. 

As I have already said, it seems probable that domains will 
change in the same ratio between the same temperature limits. 
This can be tested for the new expression by the figures in the 
last column, which gives the ratio of the two values for 


acy eile! 
oe) iar 


or H=* (0-8) 


found at two temperatures. 

To facilitate comparison, the substances are arranged in 
groups, marked off by a line. The members of each group are 
heated between approximately the same temperatures. Thus 
thymol is heated between 24°4 and 77°, cinnamic alcohol 
between 24°8 and 77°. The domain of the first increases 
in the ratio 1:0154, that of the second in the ratio 1°0152. 

The members of the large group beginning with heptane 
and ending with ethyl cinnamate are heated between limits 
the lower of which lies between 4° and 12°, while the upper 
limit lies between 87° and 90°. The new domain rises 
generally in this group by 3 per cent. Out of the ten sub- ° 
stances, seven give a ratio of increase very near to 1:030, the 
other three are near 1°027. 
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The next group includes eight substances heated between, 
say, 12°and 100°. Three give ratios close to 1:033, two yield 
1-027. The last group is heated from 10° to 20° only, and 
gives ratios close to 1-004, except in the case of alcohol. 

These results seem to afford a reasonable presumption in 
favour of the figures being regarded as a measure of domain. 
There is evidently a tendency for the ratio of increase to be 
the same for the different liquids, although their densities vary 
in the ratio of 5 to 1. It is surely improbable that molecules 
of very varying atomic structure should have the same tem- 
perature increase, but the same improbability does not attach 
to “domain.” 

There is, however, one aspect of this question which may 
prove to be stili more important. It may be objected that the 
empirical* expression here used for obtaining the domain is 
too fanciful to be regarded with serious consideration. It 
may further be pointed out that it is equivalent to 


1 
(= 1)(v =) x a? 


as we haye seen, and that the first two factors give a constant. 
Any relationships like those just alluded to must therefore 
be dependent on a more or less common temperature function 
for the refractive index. 


* In the June number of the Chem. Soc, Journal appears an abstract 
of a paper by W. F. Edwards (American Chem. Journ.), who obtains the 
expression now proposed, as a new formula for specific refraction, thus :— 
If V and V, are the velocities of light in space and the substance re- 
spectively, w= 2 . Let A=V—V,, then A= aay. If the difference 

Re 
A is proportional to the amount of substance, and assuming as unit one 
gramme of substance in 1 cub. centim., and that X is the retardation of 
velocity for unit substance, then 


This is the same expression as that I propose for domain, multiplied by 
V. As will be seen from my tables, and as Edwards shows, the value of 
X is not a constant. It cannot therefore serve as a measure for specific 
refraction unless under stated conditions of temperature. He promises to 
return to this, but will, I believe, only find the solution by substituting 
“volume of domain” for volume of substance. As will be seen, I obtain 
his expression by a transformation of the Gladstone expression. 


694. MR. W. HIBBERT ON TUE GLADSTONE 


It is evident, apart from arithmetic error, that this must 
be so. But such an objection, while having weight against 
an expression obtained by the method we have pursued, at 
once raises a very suggestive question. Does the evidence 
really justify the idea that the refractive indices of various 
substances change in the same ratio between the same tem- 
perature limits? In other words, Is the ratio magnitude of 
the change independent of the nature of the liquid? The 
following table gives the evidence available. The substances 
quoted are those already dealt with, but the comparison deals 
directly with the refractive indices, and is therefore free from 
all objections which might be urged against the hypothesis of 
this paper. 

To facilitate comparison, the substances are again divided 
into groups, the order being slightly different from that pre- 
viously given. ‘The refractive indices are given in column 8 ; 
column 4 gives the ratio of the two indices, which are slightly 
corrected in column 5. This is done by calculating. from 
columns 2 and 38 the average change in the index per degree, 
as shown in column 6. The figure thus obtained is used to 
calculate the change of index for 80° exactly, which means 
an alteration of only a degree or two for most substances. 
The ratio in column 5 is calculated then for a common interval 
of 80°, and will be somewhat nearer the truth than the un- 
corrected ratio in column 4. 

Column 7 gives the exponent of » in the statement 


1 ; 
pe a, where T’ is the absolute temperature. It therefore 


equals loge = log—. 
1 


The ratio x is about 1:03, so that the different powers of 
2 
it do not vary so much. 


An examination of this table will show that for the same 
temperature limits there is a fair approach to constancy in 
the ratio™, 

2 
Thus the indices of the first seven substances all give 
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iso 2 OS A NO eae a a 
Substance, Temp.| yw. Pr. Myra | Bia Be ; 
My corrected.|} T,--T,"| Icg log £1, 
Repth Moles. 12 1:3922 |1.0297 postr tones : 
Methylene Todide. | 8 | 174985) | 199 
es ee Se Oe Sit 
es, 2k, | eras) done sere) ae 
eo 89-2 | 1.49731 | | 10293] 1-0295. | -oo0s46 8:84 
Acetyl-acetone stl 953 | 1gg¢3a| | 10349] 1-0814 | -000552 7-92 
Mothy!-acotyl-acsione 9.2'| 1.39596| | 10884) 1-0295. | 000514 8-49 
Ethyl-acotyl acetone! 598 | Lage |} 10824] 1-030; | 000535 8-0 
Phenyl Bromide se] 965 | 1boa35| [10808 | 1-0285 | -000548 9-46 
aS TOdde wenn] 8 | Tpagor |} 10279] 1-0279. | 000587 917 
seen ISIIEEE) goa | vga |} 10274] 10278 ]-000598 | 928 
Dimethylaniline seats poe eras } 10270 1:0265 |-000510 9-6 
thyl-acetone oxalate folate } 10272, 1-0262 | 000536 9°35 
Ethyl- dinccto-acctata: 908 | L493 |} 10270/ 1-0261 | 00463 9:29 
Br arr teins | ¢19258|~1-0250-| -aooa7e 9:93 
pen Ok") 835 | La579 |} 10285| 10254 |-ooosss | 9:99 
Mymoleww| Tg | pagyg |} 10154] 10154 |-ooow7 | 107 
ages oe ae \ 1015s 10153 | 000447 106 


ratios very near to 1031. 


table (p. 696). 


This is specially striking if we 
take particular cases like the first two on the list—heptane 
and methylene di-iodide—as shown in the following short 


It isalso noteworthy that this same ratio (1°03) holds good 
in the case of those substances whose tendency to tautomerism 
is productive of anomalies. These are acetyl-acetone, methyl- 
acetyl-acetone, and ethyl-acetyl-acetone, which give abnormal 
values for 8, and which differ from all other substances, even 


when tested by the Lorentz formula. 


Of course the ratio 


1:03 is not preserved all the way down this group ; the lower 
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a 


Between the same temp. limit. 
Temp. | Density. 
Ratio of Ratio of 
Densities. Indices. 
ee eae ——_ ee = 
Ie ptation eecoscsss cerns 12 0:6903 
Theta) 10317 
Te te patho sotedes 89 0:6230 
Methyl Di-iodide....- 8 3348 
} 1:07 10325 
¥ Shyeeliggobans 87 3°1389 | 


members fall to about 1:026. Whether this means only a 
slight departure from the other value, or whether it indicates 
a breakdown of the suggested constant relationship can only 
be decided when many more accurate temperature observations 
are obtainable. The ratio altogether breaks down in the case 
of such substances as water, which, as I have suggested, show 
special relations to refractive index by reason of varying 
molecular complexity. 

The last column in the foregoing table gives the ratio of 
the logarithms of temperatures and indices. Further research 
may make this column more valuable than it now appears. 

Taken altogether, the table affords ground for believing 
that there are close relationships between refractive index 
and temperature, and, further, that the ratio of change for a 
particular temperature interval may be the same for many 
different liquids. 

The question then arises, whether this last relation is direct, 
or arises from some material property changing with the 
temperature? Is it possible that the velocity of light may 
vary with temperature, apart from any relation to material 
substances, or is the foregoing relationship dependent upon 
some molecular function like that suggested, that is “ mole- 
cular domain ? ” 

It seems impossible to answer the first part of this question. 
The second part can be judged by analogy, which would 
appear to suggest that a molecular function is more probable. — 
Thus, one might expect that the kinetic energy of the particles 
is the property directly increased by rise of temperature, and 
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that many or all other properties of the molecule are conse- 
quential upon that. The apparent volume of course increases. 
That fraction of the volume which is measured by 

z= 


—1 
ie ha ote (v—8) 


also increases, whatever it may be called. This constant fact 
appears to be a decided argument in favour of these ex- 
pressions, giving “domain” and not “volume of matter ” 
simply. But again, if the plea for “domain” be granted, 
there ought to be increase, not only when the liquid is heated, 
but also when it is changed into a vapour. This is actually 
the case for paca 
be 


v—), the value of which increases in the 


ratio 1 to 1:4 or 15. This variability may be compared with 
that found by van der Waals for his constant “b’’ (‘ Conti- 
nuity &e.’, Phys. Soc. translation, p. 409). 


Correction. 


On page 286 of this volume (xiii.) of the ‘ Proceedings ’ 
in the report of the discussion upon Dr. Larmor’s paper, 
Professor Lodge is represented as criticising Dr. Larmor’s 
summary of Herr Wiener’s paper. It appears that Professor 
Lodge intended to refer to asummary made some time ago 
by Herr Wiener and not by Dr. Larmor. 
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is below a certain Critical Value. 
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GENERAL PHYSICS. 


743. Meteorites. HH. Moissan. (C. R. 121. pp. 483-486, 
1895.)—The discovery by Friedel of transparent black diamond in 
the meteorite of Canon Diablo (C. R. 115. p. 1037) has induced 
the author to investigate a number of meteorites in order to prove 
if, and in which form, carbon is contained in them. After having 
made a very careful analysis of six different meteorites, he arrived 
at the following conclusions :—Some of the holosiderous meteorites, 
as for instance caillite, an iron-meteorite of Toluca-Xiquipilso in 
Mexico, do not contain carbon at all; in several others carbon is 
met with in the form of amorphous carbon only, or in combination 
with graphite; one of the analysed samples, namely the meteorite 
of Novy-Urej, Krasnoslobodsk, in the province of Pensa in Russia, 
contained carbon as black, but with the exception of one very small 
particle, not transparent diamond, as has before been proved by 
Terofeieff and Latchinof. Only a single meteorite, the one of 
Canon Diablo, is known to contain all the three varieties of 
carbon, viz. transparent black diamond, graphite, and amorphous 


carbon. 8. R. 


' 744, Synodic and Anomalistic Revolutions of the Moon and 
Barometer-Curves in Spring. A. Poincare. (C. R. 121. 
pp. 468-471, 1895.)—A tabular paper, referring to the three 
lunar months, March 9 to April 6, April 7 to May 6, May 7 
to June 4, 1883. Data are given particularly for the second 
month. When the moon is in northern declination, a depression 
begins 4 hours before the moon crosses the meridian ; 2 hours 
later, the pressure is normal; the passage is marked by a minimum 
of 5 mm.; 2 hours later, the pressure is normal again; and then 
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follows a maximum. For southern declination, the meridian 
depression of 2 or 4 mm. is flanked by two rises; at the antipodes 
there is a rise between two depressions. For the syzygies: on the 
meridian of the sun and for several sectors on both sides, a 
depression of from 2 to 5 mm. is noticed, lasting from the day 
preceding to the day following ; the moon has the opposite effect. 
For the quadratures: great depression over at least 90° in rear of 
the sun ; rise in the meridian of the moon and the antipodal point, 
unless the southern declination is slight. The paper states 
momentous days of the lunar month for different Oceans. The 
27th is everywhere changeable ; new moon is unfavourable for the 
Atlantic. The influences of apogee and perigee ‘are traced. H. B. 


745. Spheroidal State and Capillarity. EE. Gossart. (Ann. 
Chim. et Phys. 4. pp. 391-423, 1895.)—The article has for its object 
the testing of a theory of the spheroidal state, which attributes the 
well-known phenomenon to no mysterious causes, but to simple 
capillary actions. The author considers three phenomena which 
are, according to his view, capable of explanation by the same 
principles. He considers (1) the well-known phenomenon of drops 
existing on hot plates at temperatures much above the boiling- 
point of the liquid concerned, when the spheroidal state is said to 
be produced ; (2) the same spheroidal state produced in a liquid 
medium on a well-polished plate at ordinary temperatures ; he calls 
this the spheroidal state produced ina wet way (caléfaction par vote 
humide) ; (3) the rolling drops often observed by chemists when 
filtering. 

Under (1) he shows that there is nothing fixed about the 
temperature of the plate which is necessary to produce the 
spheroidal state, but that it varies with the degree of polish. For 
example, he ccoled a well-polished gold plate, on which was 
supported a drop of water, to a temperature of 80°C. without 
disturbing the spheroidal state. 

Under (2) he states that Quincke has already observed the 
phenomenon, but not under the same aspect as considered in the 
article. By electrical and other means he shows that there is a 
distinct interval between the drop and its support, so long as the 
spheroidal state continues ; but as soon as it takes the lenticular 
form, then the continuity between it and the support becomes 
complete. 

Section (3) is perhaps the most ambitious. He produces the 
drops by allowing the liquid of which they are composed to fall on 
anotner liquid that is contained between two vertical plates which 
meet at a small angle ; after formation, the drops roll down the 
incline. He attributes the production and continued existence of? 
the drops to the generation of a supporting layer of vapour. He 
studies the effect of surface-tension, temperature, and viscosity ; 
shows that only liquids which have the same chemical properties 
will roll on one another, and hence uses the phenomenon to analyse 


GENERAL PHYSIUS, 459 


certain solutions. He has one solution of a known strength; 
and to determine the unknown strength of the other solution he 
dilutes one or the other in an organised manner until the observa- 
tions indicate similarity of composition. A. Gs. 


746. Thermopiles for Meteorological Instruments. P. Czermak. 
(Wied. Ann. 56. pp. 353-359, 1895.)—The author recommends 
very fine wires, 0-1 mm. thick, 2 or 3m. long, the junctions being 
covered with soot or soot and shellac, as preferable to the far too 
sluggish thermometers and the oversensitive bolometers. Two 
copper cylinders are fixed in wood: each has a flange with a 
binding-screw ; the other ends are conical, the interiors hollow 
and filled with water. The wires, copper and constantan, are 
soldered to the pointed ends. A thermometer in the one tube 
indicates the slow variations, the thermo-couple the rapid changes 
of 1:5 seconds and more. The author constructed his galvano- 
meter as follows :—To a mica disc are fixed a silvered glass of 
6 sq. mm. surface and five little magnets, pieces of watch-spring 
3mm. long. The system has a period of 0°7 sec., and is well 
damped by copper masses. The instrument has been devised for 
studying the “ Féhn”; it has indicated variations of 18°, 2 m. 
above the soil, with a mean temperature of 10°. 

His second instrument is a relative actinometer. It consists of 
two concentric brass tubes, completely divided into two half- 
cylinders by two ebonite bars, and closed below by a thick copper 
plate,and above bya cover. In the bottom three thermo-couples are 
fixed, connected in parallel, and bridging over the insulated halves. 
The annular space is filled with water, and a thermometer inserted. 
When an aluminium screen fixed above is turned aside, the light 
passes down the inner hollow to the thermopile. The back of the 
thermopile is covered by a paper tube, closed by a plate of rock- 
salt. Thirty divisions correspond to one degree. The instrument 
seems suitable, but exact tests have not yet been made. B..B. 


747. Bizio and the Theory of Solution. M. Bellati. (N. Oim. 
4, 2, pp. 49-58, 1895.)—Van’t Hoft’s theory of solution—that the 
condition of a substance dissolved in a solvent is analogous if not 
identical with that of a gas, the solution-pressure in the one case 
corresponding to the gaseous pressure in the other—was, though 
van’t Hoff was himself original in his work, anticipated in its main 
lines by Bizio. In 1845 he wrote (“Sopra Pazione della calce 
entro l'acqua conducente in che consiste la Soluzione,” 1. R. Istituto 
Veneto di Scienze, Lettere ed Arti, 17 Feb., 1845, and republished 
in ‘Raccolta fisico-chemico italiana dello Zantodeschi, vol. ti. 
pp. 257-272) :—* I look upon the substance dissolved as an elastic 
vapour diffused in the liquid, and forming there as every vapour 


forms amid the air, there being no difference other than that the 
2K 2 
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latter rises and keeps itself up by its own tension, while that of 
the former is insufficient, and needs the presence of a body of 
suitable density....,” as the clouds float in the air. Bizio kept 
this idea before him; and he claims its importance in one of his 
latest papers (“ La soluzione senza soccorso di affinita chimica,” 
Mem. Ist. Venet. ix. pp. 79-111, 1860). While van’t Hoff looks 
to dilute solutions, Bizio dealt with saturated solutions, which he 
equates with saturated vapours. Gay-Lussac had already noted 
this analogy (C. R. 8. pp. 1000-1017, 1839 ; Ann. de Chim. et de 
Phys. 70. 1839); but he explained solution by chemical affinity. 
Bizio protested against this, on the ground that affinity should 
cause heat: the true analogy was evaporation, accompanied by 
cooling (see his paper of 1845); and more than this, the state of 
a body in solution was the elastic or vapour state. He thought 
saturation was reached when the internal pressure of the liquid 
was in equilibrium with the pressure of the molecules of the 
substance dissolved; that heat raised the internal] pressure of the 
liquid, and that more of the substance dissolved might then be 
taken up before equilibrium was reached; and he thought lime was 
precipitated from heated lime-water because the water-molecules 
expanded more than the lime-molecules. He looked upon the 
green colour of a concentrated solution of chloride of copper, and 
the blue of a dilute, as due to dilated molecules in the former case 
as compared with compressed molecules in the latter ; and showed 
that the pressure necessary in order to bring about the green 
colour might be secured at ordinary temperatures by the addition 
of common salt. If on heating a dilute solution the water- 
molecules expanded more rapidly than the copper-chloride mole- 
cules, the colour ought on this view to become green; which 
is what takes place. The circumstance that chloride of copper in 
quantity just sufficient to make an aqueous solution green will 
confer the same colour on six or more times the volume of 
alcohol, he explained by the greater repulsive force of alcohol (see 
also Atti Ist. Venet. 1850-51, pp. 53-55). In the Atti Ist. Venet. 
(3) 1. pp. 129-148, Bizio compares cooling on dilution to cooling 
of a gas on expansion (see also Mem. di mat. e di fis. della Soe. ital. 
delle Sc. 25. parte 2, pp. 128-154, 1855). He explained the colour 
of solutions of iodine on the same lines (Mem. Ist. Venet. 9. p. 110, 
1860). Bizio limited himself, however, to the solution of solids in 
liquids, and thus failed to attain generality of statement; besides 
which, he had rendered himself unpopular by his attacks on the 
imponderables and on the mechanical units then employed. His 
ideas as to chemical dynamics are a good deal cleared up if, instead 
of repulsive force, we read molecular energy; but there still 
remain mistakes and inconsistencies, which do not, howefer, 
deprive him of the merit of being a precursor in the theory 


of solution as well as various other dynamical concepts of modern 
science. A.-D. 
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748. Problem of the Motion of a Solid in an Infinite Liquid. 
Note by E, Trevisan. (N. Cim. 4. 2, pp. 175-177, 1895).—The 
author refers to Kircbhoff’s solution of the equation of motion of 
a rigid body in an infinite liquid as capable of complete integration 
whenever the kinetic energy of the system consisting of the body 
and the liquid admits of expression in the form 


2T= a, (ue a v”) t 1,0" t b,,( Pp at 7) “i basls 


in which wv w are the components of the translation-velocity, and 
p qr those of the rotation of the body referred to any axes fixed in 
the body; and Kirchhoff’s nineteenth lecture is referred to as 
showing that this will always be the caseif the body is symmetrical 
with respect to two pairs of planes passing through a right line 
and orthogonal to one another. In the present paper the author 
claims to prove that the kinetic energy will assume Kirchhoff’s 
form in the more general case that the body is symmetrical with 
respect to two pairs of planes passing through a right line, whether 
orthogonal to one another or not. 

The most general form of the expression for the kinetic energy 
involves 21 coefficients-—viz. 6 for the squares and products of 
uvw, 6 for the squares and products of pqr, and 9 for the 
products of the form up uq &e. Taking the intersection of the two 
planes for axis of z, and one of the two planes for that of wz, the 
conditions of symmetry reduce these to 12, viz. :— 


2T = aw +a,,v’+a,,w*+ 2a,,uw 
+, +,.9° + b557 + 26,5 pr 
+ 2¢,,uq + 2¢,,vp + 2¢,,ur + 2¢,,wq. 


And now, by a transformation of coordinates, taking the other 
plane of symmetry for that of «z, it is shown that the expression 
for 2T can be reduced to Kirchhoff’s form. opal Gi rs 


749. The Mounier Observatory ; Venus. Perrotin. (C. R. 
121. pp. 542-545, 1895.)—The Mounier Observatory, 2741 m. 
above sea-level, has, by the munificence of Bischoffsheim, been 
fitted out as an annexe to the Nice Observatory, with astronomical 
and meteorological instruments. There is a stone building, con- 
nected by a gallery with the house, a revolving cupola, an equatorial 
of 35 cm. aperture, and a shed. A telephone-line of 8 km. length, 
also supplied by Bischoffsheim, joins the observatory to the nearest 
railway-station. The installation was completed in August, when 
Venus was already a crescent of which only the border could be 
examined. Dark lines seemed to start, as in 1890, from the border 
and form triangular or polygonal islands or deltas on the illuminated 
part. But the dark band from horn to horn, which in 1890 
these lines seemed to join, was absent. The author thinks, 
however, that the band could not have been seen, if present, as 
the planet was much nearer conjunction this year, The horns 
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always appeared the same, making allowance for the effects of 
different altitudes at different times. As in 1890, a large white 
spot was noticed about 10° from the northern horn. This spot 
did not change. These observations, therefore, support Schia- 
parelli’s view that Venus revolves very slowly about her own axis. 
The spot would also appear immovable if it were close to the axis, 
and the axis almost at right angles to the plane of the orbit. H. B. 


750. Elastic Properties of Metals. M.Cantone. (Rend. Acc. 
Lincei, 4. 2, pp. 31-88, 1895.) —This paper deals especially with the 
peculiar accommodation phenomena shown by tempered nickel. 
When the forces applied in a bilateral cycle are small, the deforma- 
tions follow the same laws as in brass and other metals, but when 
the variations are started from a large initial torsion, the extreme 
and the permanent deformations increase, so that at each return 
to the original maximum force the torsion is greater than it was 
at the beginning. If such behaviour were common to all the 
metals, it would be easily explained on the assumption that the 
first forces acting in one sense brought about the rupture of some 
molecular groups, imparting to a number of particles the properties 
of a liquid, and that the subsequent intervention of forces acting 
in the opposite direction, where the maximum deformation is not 
too great, does not reconstitute these groups, but tends to give to 
the body a more homogeneous structure by making the free 
molecules re-enter the sphere of attraction of the remaining ones. 
But when the initial angle of torsion is very great, it is possible 
that the first alternations, instead of repairing the ruptures caused 
by distortion from the original state, bring about more ruptures, 
This would be borne out by the fact that in tempered nickel there 
is greater subsequent action after each cycle, and hysteresis becomes 
more and more pronounced, until a state of equilibrium is reached 
between the particles liberated and those entering the sphere of 
attraction of neighbouring ones. But in every case where the 
torsional force is carried to a high value, a continuous displacement 
of particles sets in. This may or may not be due to the body 
acquiring the character of a fluid in some parts, but anyhow 
a state of equilibrium becomes impossible at a certain point and 
the basis of statical processes becomes smaller. In very ductile 
metals this limit is relatively low. Hence at a certain point the 
behaviour of all metals will be that observed in tempered nickel 
and the latter will be no longer abnormal. IDR De Er 


751. Coalescence observed in Soft Crystals. O. Teehmann. 
(Zschr. phys. Chem. 18. pp. 91-96, 1895.)--When potassium 
oleate is added to a drop of alcohol on the object-glass of a micro- 
scope and warmed, so that most of it dissolves, it separates out on 
cooling in the form of acute octahedric crystals of the tetragonal 
system, whose edges are a good deal rounded ; but their structure 
may be identified by polarised light. Now when two such crystals 
touch, they grow together: slowly turn round till the axes of the 
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two octahedra are parallel, the surface of contact spreading mean- 
while ; and eventually a single homogeneous crystal is formed; 
Just as two oil drops: floating in dilute alcohol of the same density 
coalesce under the influence of their surface-tension. It appears, 
then, that a similar coalescence takes place in these very soft crystals, 
under the combined influence of the surface-tension and the forces 
tending to the alignment of the molecules. The author gives 
drawings showing the details of the process. R.A 


752, Apparatus for the Determination of Molecular Weights by the 
Boiling-point Method. W. R. Orndorff and F. K. Cameron. 
(Am. Chem. Journ. 17, pp. 517-531, 1895.)—One of the flasks sold 
for the jacket in Victor Meyer’s vapour-density method is cut 
down to a length of 30 cm., and in it is placed 30 or 40 grams of 
platinum pellets made of platinum-foil. The flask is closed by a 
cork through which pass the thermometer and a wide tube to act 
as a condenser. One of Beckmann’s adjustable thermometers is 
used, and to prevent the sticking of the mercury-column the head 
of the thermometer is tapped by a small electro-magnetic hammer. 
To aid in condensing the vapour of the liquid, a wrapping of 
copper-gauze is clamped around the upper part of the flask. 
Asbestos-screens are used to prevent draughts. To make a deter- 
mination, the weighed quantity of solvent is boiled for about an 
hour till the thermometer has adjusted itself. Then the substance 
is introduced as a compressed pellet, and in 2 or 3 minutes readings 
can be taken. Six or eight determinations can then be made in 
about thirty ininutes. Test experiments are made with naphthalene, 
anthracene, tripheny]methane, and acetanilide dissolved in various 
solvents. The results for the same solvent are very concordant 
with one another, but with different solvents there is a marked 


difference. Spee 


753. Density Determinations of extremely Diluted Solutions. 
F. Kohlrausch. (Wied. Ann. 56. pp. 185-200, 1895.)—With 
the help of immersed bodies, density determinations can be made 
to the 7th decimal, provided we can control the temperature, 
which is possible for aqueous solutions and glass floats at about 6°, 
where glass and water have approximately the same expansion 
coefficients. Forsilver floats,the temperature might vary between 6° 
and 10°. A beaker, 38 cm. high and 16 cm. wide, covered with felt 
has been used, containing 5 litres of water. The glass float weighed 
916 g., and could not be suspended by one cocoon-thread, A strand 
of several threads gave trouble by capillary absorption ; a smooth 
platinum wire became unevenly wetted, one coated with spongy 
platinum likewise. But when heated for a moment by a small 
Bunsen burner, the wire became almost uniformly and completely 
wetted. The meniscus forming round this wire was not the same 
for different liquids, but the variation was of no consequence. 
As the float consisted of thick glass, the temperature had to be 
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controlled most carefully. The tests concern sugar, used for pre- 
liminary work also, sulphate of magnesia, acetic acid, and sulphuric 
acid. The molecular volume of the sulphuric acid decreases con- 
siderably with higher dilution; Nernst and Drude have sought 
to establish a connection between this contraction and free ions. 
According to previous experiments, substances whose molecular 
volumes are little affected by dilution may, in stronger solutions, 
be good conductors (HCI, NaCl), or poor conductors (sugar, acetic 
acid). It follows that the molecular contraction of acids, like 
the conductivity, increases with continued dilutiou to a maximum, 
and decreases afterwards. This reversal needs further study. The 
hydrogen compounds may interact with the water or with the 
impurities. The water used had a conductivity of 1:5 or 2°5 10s 
Hg. Greater purity could hardly be obtained experimentally with 
beakers of 5 litres capacity. Another avoidable source of error is, 
under these circumstances, not regarded as so very important. 
The large stirrer made of nickel was attacked by the agitated 
sulphuric acid, and, once slightly corroded on the surface, seemed 
to offer less resistance even to the diluted acid. The molecular 
volume ¢ is calculated from m, gramme equivalent per litre ; s, spe- 
cific gravity ; A, equivalent ; ¢=A—1000 (s—1)/m. For sugar, 
@ decreases very slowly on copious dilution ; for acetic acid also, 
but there is a reversal at m=0-001; for sulphuric acid and sulphate 
of magnesia, the changes are much more marked, the reversals less 
striking. The experiments were made at 6°; Hallwachs had 
worked at 18°. A water, less pure than the water usually employed, 


had a conductivity of 5-10~"° and a specific gravity of 1:000007. 
Ee: 


754. The Diurnal Variation of Relative Humidity. D. Eginitis. 
(C. R. 121. pp. 574-575, 1895.) The Double Diurnal Oscillation 
of Relate Humidity. A. Angot. (C. R. 121. pp. 595-596, 
1895.)—In general, the relative humidity diminishes as the tempera- 
ture increases, and there is, therefore, a maximum in the morning 
and a minimum in the evening. The first author notifies that at 
the Observatory of Athens there is an additional maximum towards 
7 or 8 in the evening, and another minimum two to four hours 
later: he endeavours to explain the phenomena solely by con- 
sidering the variations of the temperature and absolute humidity. 

The second author attributes the phenomena to sea- and land- 
breezes, and states that similar observations have already been made, 
for example by Bijourdan at Joal, on the east coast of Africa; 
there the second maximum takes place between mid-day and 
three o’clock in the afternoon, agreeing with the deduction from 
the records of the direction of the wind. He also states that 
places far inland, on plains or plateaux, will not be subject to such 
a variety of perturbations. A. Gs, 
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755. Change of Volume of Thallium in the act of Fusion and the 
Thermal Dilatation of the Liquid produced. G.Pacher. (N. Cim. 
4, 2, pp. 143-155, 1895.)—Toepler, in 1894, and Omadei, in 1891, 
obtained certain values for the variation in volume of thallium when 
it changes from the solid to the liquid state, which are divergent. 

Toepler’s method consists in placing the solid thallium in a bulb, 
containing olive-oil, from which a graduated tube proceeds, and 
heating the apparatus by suitable means above the melting-point of 
the substance being examined. This method has the inconvenience 
that bubbles are formed by the action of the hot oil on the metal. 
The author finds that the action of the air on the products of volatili- 
sation is a serious cause of irregularities, and improves the apparatus 
by widening the graduated tube into a sort of bell-funnel at the top, 
and placing over the junction a thimble-shaped vessel containing 
oil, the use of which is to act as a sort of trap. The top of the 
funnel is fitted with a cork, through which a fine glass tube passes. 

Omadei’s method consists in filling the bulb and part of the tube 
with solid thallium ; on endeavouring to apply it, the author found 
that the oxide of thallium produced difficulties, and ultimately 
changed the apparatus, so that it is not very dissimilar from the 
ordinary form of cryophorus. 

The thallium may be supposed to be put in the lower bulb and 
covered with distilled water free from air. The lower bulb and 
tube is heated and the upper bulb placed in ice. In this way the 
thallium is examined in an atmosphere of pure water, under the 
pressure exerted at 0° C. 

The results obtained by the various observers are indicated in 
the table given below, where K, represents the increase in volume 
in e.c. when 1 gram of thallium is melted, A the percentage 
change in volume when melting occurs, and a the mean coefficient 
of dilatation of the liquid thallium between the melting-point and 
about 30° above. 


Grasdei’ Pacpiecs Modification Modification 
mania R ES of Omadei's of Toepler’s 
Results. SEUSS Method. Method. 
i ebonpete 0:000150 — 0:000128 
Ncaacoeeess 4:32 — 3°22 
DON aeanee 0:00876 0:0027 0:00276 0:00249 
A. Gs. 


756. Elastic Hysteresis of Metals. M.Cantone. (Rend. Ace. 
Linc. 4. 2, pp. 3-10, 1895.)—Wires were subjected to torsional 
stresses gradually increasing in amount. The molecular yielding 
increased with the torsion, but this produced a lag when the 
direction of variation of force was reversed. This may therefore 
be accurately described as elastic hysteresis. When the force 
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varies between zero and a certain positive amount, the cycle is 
described as unilateral ; when it varies between positive and nega- 
tive values, as bilateral. Starting from a permanent deformation 
due to a certain maximum torsion, it is found that when any 
smaller force is applied, the force and the deformation are propor- 
tional, the constant being very nearly equal to, but slightly greater 
than, that shown by a wire starting from the initial stage. The 
best way to bring the wire back to the initial stage is to twist it 
backwards and forwards through decreasing angles. KE. HE. F. 


757. Evaporation and Theories of Capillarity. G. Wan der 
Mensbrugghe. (C. R. 121. pp. 461-462, 1895.)—The author 
objects, as against the usual theories of capillarity based on equi- 
librium—(1) that the surface-film must diminish in density from 
within outwards, else there would be an abrupt break of continuity; 
(2) that the loss of weight by evaporation cannot be neglected, 
particularly in soap-bubble films, and the volume can therefore 
not be considered invariable ; (3) that the continuous renewal of 
the surface-film precludes equilibrium in that film. Referring to 
‘Bull. de Acad. roy. de Belg.’ 3° série, t. xxvi. pp. 37-71, and 
‘Ann. de la Soc. Scientif. de Bruxelles,’ t. xvii. 1° partie, Jan. 
1894, be says that the progressive diminution of density of the 
surface-film from within outwards explains at the same time the 
evaporation and the least-surface forces or superficial tension. 


A. D. 


758. The Mont Blanc Observatory. J. Sanssen. (C. R. 121. 
pp. 477-483, 1895.)—On September 26, Janssen had himself 
taken up to the top in order to see about the Richard’s meteoro- 
graph, which had stopped, and the mounting of the polar sidero- 
stat. Starting from Chamounix, they spent the first night at the 
Grands Mulets, the second at the Rocher-Rouge, and arrived at 
the top after two hours’ march on the third day. During the 
remarkably clear weather, Janssen, in being up, could watch 
the air currents and the formation of clouds which, however, 
offered no abnormal features. To refix the meteorograph, plates 
were frozen to the ice, and the instrument shifted over by means 
of its screws; the cold will probably arrest the instrument again. 
At noon, the temperature on the top was about 0, the dew-point 
—18°. A Duboscq spectroscope with two prisms showed in. this 
extremely dry and rarefied atmosphere no absorption-bands of 
water-vapour at Dand C, and a doubtful indication at a. Further 
tests as to a will be necessary ; but D and C must belong to the 
terrestrial atmosphere. The descent down to Chamounix was 
accomplished in 10 hours, 11 to 9 P.M. on the following day. 
The whole observatory, as examined from Chamounix, has moved a’ 
little in this direction. But as the settling had already taken place in 
1893 and 1894 and as the original position can be regained, Janssen 
recommends observatories built on the eternal snow, Hie 3B; 
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759. Rotation of a Body within which ewist Cyclic Systems. 
V. Volterra. (Rend. Acc. Line. 4. 2, pp. 93-97, 1895.)— 
The author propounds an extension of certain former memoirs 
of his (“Sulla teoria dei moti del polo terrestre ;” “Sul moto 
di un sistema nel quale sussistono moti interni stazionari;’ 
“Sopra un sistema di equazioni differenziali; un teorema sulla 
rotazione dei corpi,” Atti della R. Ace. di Torino, 1894, 1895). The 
following theorem is derived from the former memoirs :—“ When 
a system gyrating about a fixed point is not affected by any couple, 
and has internal isocyclic motions with constant parameters, the 
components of rotation are elliptic functions of the time, and the 
cosines of the angles which the principal axes of inertia make with 
fixed axes are uniform functions of the time.” Then he states that 
if the system be left to its own inertia the internal motions will 
change in intensity, and will not remain isocyclic, at all events if 
the principal moments of inertia are unequal. He concludes that 
there is mutual action between the rotation of a body and _ its 
internal cyclic motions. He then proposes the general problem : 
A system in which exist internal cyclic motions of any kind with 
constant parameters is left to its own inertia: required to find the 
rotation of the system, and according to what laws the energy of 
the cyclic motions will vary in virtue of the mutual action which 
these motions exert on one another. Of this problem he states 
the solution, but in notation which will not be intelligible without 
reference to the former memoirs. The mathematical work is 
promised for a future number. 5: i, B. 


760. Electrolytic Conductivity of Aqueous Solutions ; i’s Connection 
with the Temperature. G. Jager. (Wien. Ber. 104. 5, part 2 a, 
pp. 408-425, 1895.)—According to the author, a simple explanation 
of the lowering of the freezing-point of a liquid by dissolving a 
foreign substance in it, may be obtained by supposing the energy 
of the liquid to be increased. ‘Phis acts in the same way as if the 
temperature of the liquid were raised, so that the solution must be 
cooled down in order to show the same properties as the original 
solvent. For example, the maximum of density of an aqueous 
solution will be found at a lower temperature than with pure 
water. Assuming that the electrolytic conductivity of a solution 
depends on the number of ions in it, and on the frictional resist- 
ance with which they meet in passing through it, and that the 
latter is proportional to the viscosity of the solvent, he calculates, 
with the help of the above ideas, the temperature coefficients of 
the electrolytic conductivity of aqueous solutions. Neglecting 
various factors, such as the change produced by temperature in 
the dissociation of the salts dissolved, and the effect of changes of 
concentration on the resistance offered by the solutions to the 
passage of the ions through them, the author arrives everywhere 
at an agreement between theory and experiment. an 18h 
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761. Achromatic Interference. W. Konig. (Wied. Ann. 55. 
pp. 1-48, 1895.)—The author : discusses, experimentally and 
mathematically, the non-coloured effects produced, through over- 
lapping of fringes, when the source of light in diffraction-experi- 
ments is itself a spectrum or a part of one. A. 


762. Electro-optical Researches with Polarised Light. J. Elster 
and H. Geitel. (Berl. Ber. 11. pp. 209-216, 1895, and Wied. 
Ann. 55. pp. 684-700, 1895.)—The photo-electric current from a 
kathode exposed in a rarefied gas to suitable illumination has been 
shown to depend upon the direction of the optical vibrations with 
respect to the kathode-surface, and to reach a maximum when the 
plane of polarisation of the incident light is perpendicular to the 
plane of incidence, and a minimum for a position at right angles to 
this. The further prosecution of this subject naturally divides 
itself into two parts. One may ask (1) “ According to what law 
does the photo- electric current vary when the plane of polarisation 
of the incident light is rotated about the incident ray as axis?” 
or (2) ‘* Whatis the relation between the intensity of this current 
and the angle of incidence of the illuminating beam?” The 
present paper is chiefly confined to the first of these questions, 
only a few preliminary contributions towards an answer to the 
second having been yet obtained. The surface generally used for 
this research was that of a liquid alloy of sodium and potassium 
enclosed in a thin rarefied glass bulb of 5 cm. diam., in the upper 
half of which was the anode of platinum wire. The source of 
light was an incandescent disc of zircon heated by a flame of coal- 
gas and oxygen. The beam passed through the usual collimating 
arrangement and a large Nicol’s prism capable of rotation. The 
liquid alloy and the anode were in circuit with a galvanometer and 
a battery of Leclanché cells of an E.M.F. of about 450 volts. 
As the polariser was turned through a complete revolution, the 
galvanometer showed two maxima -and two minima. The former 
occurred when the principal section fell in the plane of incidence, 
the minima in the two positions at right angles to the above. If 
one measures the angle of rotation, a, of the prism from the 
position of maximum current (for which the plane of polarisation 
of the incident light is at right angles to the plane of incidence, 
and consequently the electric displacements in the plane of inci- 
dence), then the photo-electric current, I, can be expressed as 
follows :— 

I=A cos’«+B sin’a, 


where A is the maximum value of the current for «=0, and B is 
the minimum value for ~=90°. The following are specimens of 
the results obtained, showing the close agreement between the 
experiments and the formula deduced from them ;— 
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Bulb I. Half full of alloy of potassium and sodium. 


A. Angle of incidence =70°, 


Azimutha ...... 0 15 30 45 60 75 90 
Current (observed) ....| 149°6 | 188°0| 111-:0] 746 | 88:9 | 127 | 3-2 
Do. (calculated)....! 147°3| 187°6| 111°3] 75:2 | 39:3] 129 | 32 
MiFerence ccc. occessaces +2°6| +04) —0°3] —0°6 | —0-4 | --02 


B. Angle of Incidence =66°. 


Current (observed) ... 1440! 132°5| 107-0} 72:3 | 38:3 | 125) 40 
Do. (calculated)...| 141-6 | 1382-4) 107-2] 72°38 | 384 | 13:2} 40 
Difference’. ..sai1cee0se< +24! +01) —0:2} —05 | —01 | —0°7 


D. Angle of Incidence= 28°. 


| } 
Current (observed) .... 968 918) 797, 633) 429 | 300 | 28-1 
Do. (calculated)... 97:2; 92:5) 79'°9| 62:6) 45-4 | 32:7 | 28-1 
Difference .....e.e.0.0+-- 04} —07| —02) +07] —2°5 | -2°7 
| | 


HB. 


763. Anomalous Dispersion of Solid Fuchsin and other Dye-stuffs. 
A. Pfluger. (Wied. Ann. 56. pp. 412-432, 1895.)—The method 
adopted was that of Kundt for the refractive indices of the metals. 
Prisms of angle 40” to 150” were obtained by evaporation of an 
alcoholic solution of the colour on glass plates. The deviation 
produced by these, for certain spectrally defined rays of light, 
was measured on the spectrometer. The prisms were transparent 
enough to measure the refractive index even in the deepest part of 
the absorption-band. Fuchsin, Cyanin, Hofmann’s violet, Mag- 
dala red, and Malachite green were used. The results were 
strictly in accordance with Helmholtz’s theory, the refractive index 
diminishing regularly, in going up the spectrum through an absorp- 
tion-band, and in two instances its value fell to less than unity. 
For strontium blue, Fuchsin gives »=0°83, so that it should show 
total reflexion for an angle of incidence of 56°. The author finds, 
however, that a glass plate covered with a parallel-sided layer of 
fuchsin, remains transparent when the angle of incidence is 87°, 
and concludes that the law of sines does not hold good in the 
case considered. RocAn da: 
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764. The Equations of the Electromagnetic Theory of Light derived 
from the Data of Optical Experiments with Crystals. E. Ketteler. 
(Wied. Ann. 55. pp. 525-539, 1895.)—This is a_ mathematical 
paper chiefly concerned with discussing the rival optical theories of 
Neumann, Fresnel, and the author. The analysis 1s based upon 
the following equations :— 


oL 0/oL oM al 
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where ,, , and n, are the three principal indices of refraction of 
the crystal. For the first of these equations the author claims 
credit, (2) and (8) being from Maxwell. fel: 32 


765. Ultra-Violet Aluminium Wave-lengths. ©. Runge. (Wied. 
Aun. 55. pp. 44-48, 1895.)—With experimental precautions 
described, the following wave-lengths were determined with a 
Rowland grating and photographic apparatus :— 


At 760 mm. and 20°C.. 1854:09 1862:20 1985:29 1989-90 
lh VACUO sb eontoar 1854°77 1862°81 1935:90 1990-57 
(CORMUY Aeon cae 1852-2 1860°2 19338:°5 1988:1 


Cornu’s measurements were made in 1881 with a Rutherford 
grating, and have to be raised about 16 per hundred thousand on 
account of their being based upon an absolute mcasurement for 
the D-line, which is below that given by Rowland (Standard 
Wave-lengths, Phil. Mag., July 1893). he author’s mean error 
is less than 0-014. leg Ue 


766. The Accuracy attainable in Actinometric Observations . 
R. Savélief. (Ann. Chim. et Phys. 4. pp. 424-429, 1895.)— 
The author records his experiments on Violle’s actinometer. He 
uses two examples of the instrument, one large and one small. 
He finds that with careful observation the smaller pattern gives ° 
equally good results with the larger. He describes at length the 
loss of heat along the stem of the thermometer: he compares the 
behaviour of bulbs covered with platinum-black and lamp-black 
respectively, giving preference to the former only on the ground 
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that the operation of blackening is less risky in inexperienced 
hands. There is next considered the effect of the angle of inci- 
dence on the absorption of rays by a black surface. Lastly, the 
author concludes that the necessary corrections are inconsiderable, 
with the exception of the effect of the thermometer-stem, which 
can be determined with sufficient accuracy and that, therefore, the 
instrument is in all respects trustworthy. Gs. 


767. Fluorescence of Organic Compounds in the Gaseous, Liquid, 
and Solid States E. Wiedemann and G. C. Schmidt. 
(Wied. Ann. 56. pp. 18-26, 1895.) —In order to test the fluorescent 
properties of organic vapours, the substances under examination 
were introduced into thick-walled glass bulbs 6 to 8 cm. diam., 
which were exhausted and sealed. The source of light was either 
the electric are or the sun. The following fluorescent effects were 
observed :— 


Substance. Colour. | 
Ez, Oe Pace Sekrrwabee dE 

Anthracene .........6.06+: Deep blue 
Anthraquinone ......... Blue 
Imdigownessssaecsnasees oe. Pale violet. 
Naphthalene ............ Very pale violet. 
Naphthazarin ............ Gorgeous reddish brown. 
Quinine gsrsssscessseemerees 
Diphenylamine ......... No fluorescent colour. 
Naphthoquinone ...... 


The luminous effects of various organic substances exposed to 
the electrical discharge in a special form of Geissler tabe was then 
observed, with the following results, the noteworthy feature being 
the continuous spectrum often exhibited :— 


Substance. Colour. Limits. |Maximum.,| Colours present. 
Anthracene ...... Bright blue. 420-500 pp} 450 py 
Quinone ......... Goldéntyellowali s--s22255 | oeceueres Red, yellow, green. 
Anthraquinone ...| Greenish blue. |420-540 425 
Naphthalene...... Bright blue. 485-545 490 
Napthoquinone ...| Green. 475-580 535 
Naphthazarin ...| Reddish brown | «........ 0 | sseseeeee Red, yellow, green. 


The fluorescence of liquids was investigated by subjecting them 
to the action of negative rays in a vacuum of several millimetres. 
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Aniline showed a blue, and diphenylamine a beautiful blue fluor- 
escence. Finally, solid bodies were subjected to the action of the 
negative rays, the following being a selection of the substances so 


treated with the effects 


observed :— 


Substance. 


Salicylic acid 
Benzoic acid 


eee erene 


ee eeererees 


Toluidine 


ee 


Hydroquinone ......... 
Naphthalene............ 
Anthracene 
Paraffin 


Pee e ee ceneee 


teeeee 


Nitrotoluidine 
MIG LYS%0) anapeeodobagadose 
Menthol. \cccccsessea ces 
AliZArinineeneccsc conc saan 
Tannin 


WH OSIM caxccasawaeet nesses 


Colour. 


Bright blue. 
Bright green. 
{ Intense yellowish 


Intense white. 
Green. 

Pale blue, 
Greenish yellow. 


|) 


| 


Afterglow, if any. 


A little. 


” 


ie 


Tolerably long. 


Bright yet quickly 
fading. 


| 
‘No fluorescence obser|vable. 
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768. Heat from Solidification in Solutions. O. Tumlirz. 
(Wien. Ber. 104.3. Part II a. pp. 245-267, 1895.)—If two liquids 
B, A, whose normal freezing-points are ¢,, t,, where ¢, >t, are 
mixed at a temperature higher than ¢,in the mass-ratio m: 1, 
their behaviour on cooling depends on the value of m : if m exceeds 
a certain value m,, B will begin to solidify out at a temperature 
t,—A, where A is the less the greater m, the remaining liquid 
being then a saturated solution of B in A; but for m<m, the mix- 
ture remains entirely liquid till ¢, — A’ when A begins to solidify out, 
A’ diminishing with m. 

It is then clear that on attaining the composition m,:1 the 
solution will keep this composition on further cooling, so that B 
and A will freeze out together. 

Consideration of a cycle with m>m,, in which the mixture is 
cooled from ¢, to t,—A, and then further to t,—7 while B freezes 
out, the soliditied portion and the liquid residue being then separately 
heated to ¢,, where the former is melted and then again mixed 
with the latter, gives the equation 


ty 
A=A.— i) 2 (Crg 6) — Pan 8, 2), 


where A, is the heat liberated by solidification of 1 gm. of B from 
a saturated solution of B in A at the temperature ¢,—7r, S be- 
tokening the portion of m that has frozen out so that the mass- 
ratio in the solution is m—S:1, Cn—s being the specific heat of 
this solution at atemperature {¢,—7, © that of B when solid, \, the 


ordinary heat of fusion of B at ¢,, and where, lastly, {i F (m, t) dm 


denctes the heat emitted when m of B is added to 1 of A at p and 
é. [This equation depends on the assumption, which is ignored, 
that the saturation specific heats of the solution and the solid when 
in contact do not differ from their specific heats at constant 


pressure when separated. | 
A similar cycle with m<m, gives 


to ty r Sy 
a=A.t| (e—c)dt -{ (Cy-9-6 (SS, t, } 
aT 


t—T 


where & is the proportion of A frozen out at t,—7, A, the heat of 
fusion of A at t,,c its specific heat when solid, Ags CS are analogous 


to d,, Cn—s, and where \, G@nt)dn denotes the heat emitted 


when x of A is added to 1 of B at p andt. 
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From the definitions of F and G we easily obtain 
C1/m 
F(m, t)= A Gin, t)dn — G(1/m, t)/m, 


1/n 
G(n, t)= \, Fim, thdm—F(A/n, t)/n ; 


and since, if c, c’, C are the specific heats of A, B and the m-solu- 
tion and the alteration of volume on mixture is negligible, 


i) " dm(3E/2#) =c+me —(1+m)C, 
0 
OF (m, t)/dt=c' —C—(1+4+m)dC/dm, 
and sinilarly OG(n, t)/dt=c-~C—(1+4+n)oC/Oon. 


These results are then applied to mixtures of water (as A) and 
sulphuric acid, and for n=1-84, 2:09, 3:00, 14°50 the values Ay= 
55°87, 61:52, 69:20, 78:12 are found: also to mixtures of water 
(as B) and ethyl alcohol. In the latter case F (m, t) seems to bea 
function of ¢ only for all values of m between 0 and 1°5, and to 
vanish for all higher values, pointing possibly to the formation 
within the solution of a definite compound; and for m=-38, 4:13, 
5°84, 9:26, 11°82, 16°10, », the values A, =44°51, 68°28, 73°10, 
. 76°12, 76°95, 77°67, 79°24 are found. R.BB. 


we have 


769. Specific Heat of Mercury obtained by the Method of Cooling. 
A. Bartoli. (N. Cim. 4. 2, pp. 135-148, 1895.)—Stracciati 
and the author, in an earlier work, employing the method 
of mixtures, found that the Sp. H. of mercury decreases slowly 
with increase of temperature between 0° and 32°. This result 
differs from that obtained by Regnault by the method of cooling ; 
and the object of the present paper is to show the cause of the 
difference, and at the same time to obtain accurate determinations. 
The author’s calorimeter for containing mercury was made of iron, 
that for water of brass; in the experiments in which accuracy was 
aimed at, the mercury or water, as the case may be, was kept con- 
tinually stirred. The calorimeters were covered externally with 
lamp-black, and were placed in a metallic box, with double walis, 
the most inner wall being lamp-blacked, which could be kept at a 
temperature of 0° or 100° as desired; the latter temperature 
being required when the Sp. H. was determined by heating. The 
experiments were not confined to simply one set of apparatus. 
The results of the third column, in the table given below, were 
obtained with a mercury-calorimeter whose water equivalent was 
about 18, and contained about 2400 grams of mercury whilst thé 
water-calorimeter had an equivalent of about 11 grams, and con- 
tained about 190 grams of water. The calorimeters involved in 
the fourth column held respectively 5500 and 450 grams of 
mercury and water. The quantities of mercury and water used in 
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the experiments, from which the results given in the third column 
were obtained, were respectively about 2400 and 1900 grams. 
The second column contains the Sp. H. of mercury obtained by 
Stracciati and the author by the method of mixtures. In each 
case the Sp. H. of water at 15° C. is taken as unity, 


HBAT, 


Specific Heat of Mercury. 


Bartoli Method Method Method 
and of of of 
t. | Stracciati, Heating. Heating. Cooling 
° 
0| 0-033 58 he OU he aia eccecrts Mim eye 
ten O;0 35 cO8 ale ee i mys cee Ae, eteeeg 
pO saw OS eV Lateran 0:033 40° (| ats. 
Se O0S3<08) |p koa GRUB) 336 || Sa shne 
Zerlhe (URUS'ST ate |), omer sete O033 TOT ||) meses. s 
BE O038208 We care O:033" fe Wisse. 
GIN O0S3 58781 oie 0033030" Ties: 
Tale VOSSESS ah ve 0033 S34 | ~ sees 
O) 0:033 COTA = vowenn 0033 34 | oe. 
ill) ROMS Sear Wl 9 Sana 0033) 80% |e lessen 
TORENO:033 956" 0033 32 0:03338 
11 | 0:033 56 003371 0:0332208 |) lessee: 
PaO 0S5eO0) Neen 0033 28 0:03330 
13 | 0:033 55 003378 03 5e-( eeic 
TAN O08 04 econ 0-033 25 0:03828 
15 | 0-033 53 0°0337 1 0033) 268 |e eens. 
L651 0-033) 534) acc. - 0°033 25 0:03327 
17 | 0-033 52 003341 0038 24 | ...... 
Se OO Ole i hs. s.25 0:033 24 0:03322 
19 | 0-033 50 0:03330 ORES P || Seaobe 
ZONy O0dds 49 noses 0:033 22 0:03326 
21 | 0-033 48 003354 0:033 20M wees: 
Ze ieO033 A | a 0:033 18 0:03319 
23 | 0:033 46 0-03387 CHOBE Ie |) aces 
24 | 0:033 45 | _....... 0033 16 0:03315 
25 | 0:033 43 0:03345 0-053 14 wean 
Zone OUSa0 22 8 occ. 0°033 10 0:033L0 
27 | 0-033 40 0-03331 0:053 06 anges 
| eh || COWS) <a |) eecesen 0:033 08 0:03308 
29 | 0-033 37 0;0335,0 ee neice ss eset 
B10) “OURS Gly || esac |) acsene 0:03301 


An inspection of the above table shows that each column indi- 
cates diminution of Sp. H. with increasing temperature.—The 
author also determined the Sp. H. of mercury without stirring the 
mercury or water, and in this way obtained results like Regnault’s; 
but the most striking divergences were shown when water made 
viscous with gum-arabie or giue (either of which has no great 
influence on the Sp. H.) was employed ; when the liquid was only 
stirred at comparatively long intervals, the capacity for heat as 
determined by the method of cooling appeared about 15 per cent. 
greater than its true value. A. Gs. 


big 
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770. Correction of Metastatic Thermometers. Scheurer- 
Kestner. (C. R. 121. pp. 553-555, 1895.)—The correction 
to be applied to the readings of a metastatic thermometer 1s 
a function of the quantity of mercury which leaves the lower and 
enters the upper reservoir. When a certain quantity has passed 
over, the degrees become smaller in proportion to this quantity. 
If x degrees of mercury are removed, not only the volume of these 
n degrees must be added, but the amount by which these would 
have expanded for the temperature t—i.¢., ntd, where d is the 
coefficient of apparent expansion of mercury. Taking away 
a degrees, the error is below nad; and when the temperature 1s 
n degrees, the error does not exceed na x 0-0001544. A meta- 
static thermometer of Walferdin is right at 0° when: all the 
mercury is in the lower reservoir. On removing 10° we have, 
when the temperature read is 4°, an error of 4x 10 x 0-0001544 
=0°-0061, or a little over a two-hundredth of a degree. EK. E. F. 


771. Determining High Temperatures. Tae Holborn and W. 
Wien. (Wied. Ann. 56. pp. 360-396, 1895.)—Le Chatelier’s 
thermo-couples (Pt/PtRh, with 10 per cent. Rh) have been compared 
with an air-thermometer up to 1450°; after long use, they agree 
within +5° at 1000°. The thermo-electromotive force is little 
affected by impurities, such as PtSi, formed from the clay by 
the reduction through hydrogen, which materially influence the 
resistance of platinum. For higher temperatures a Deville furnace 
is used, 40 em. high, 20 wide, the firebrick walls being 10 cm. 
thick, heated by retort-carbon pieces of nut size. A pipe of 
graphite-clay can be pushed through the furnace, above a per- 
forated 1 cm. iron plate. The graphite-clay, 1 cm. thick; supplied 
by Raum of Niirnberg, bears several tests. Inside is placed a clay 
pipe, which prevents carbon, gases &c. from attacking the objects 
or thermo-couples. Within this tube 1720° has been observed ; 
in the closed furnace, without pipe, platinum can easily be fused. 
As neither the various alloys nor even the purest platinum proved 
quite uniform, Heriius of Hanan has now supplied a large stock 
of wire which has been standardised. At the highest temperature, 
platinum evaporates noticeably, and may suffer from the hydrogen 
as mentioned. A porous clay pipe allowed sufficient carbon (from 
the gas) to percolate to the couple, apparently to raise the melting- 
point of gold by 10°. PtRh couples are therefore used with up to 
40 per cent. of rhodium ; they are, however, less sensitive than the 
ordinary couples. Melting-points are determined in two ways. A 
short piece of the respective wire is soldered to both wires, and the 
interruption of the current is watched; this can be done in air, 
tz vacuo, or in hydrogen. or this purpose the prepared couple is 
placed in a china tube, glazed outside, both ends of which stick out 
of the furnace so as to remain cold; here the air-pump and gene- 
rating apparatus are joined by Kundt’s glass springs. Hydrogen 
is always introduced into a vacuum. ‘The pressure within the 
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tube being, as a rule, lower than without, the fused glazing is forced 
into the pores of the tube. When the metal (up to 6 kg. of copper) 
is fused in a crucible, the thermo-couple is inserted in a long china 
tube, held slanting like the crucible, and connected above with the 
pump, &c. The couple can therefore be surrounded by air, hydrogen, 
or a vacuum, which makes no difference in the indications. When 
the crucible is itself provided with a long neck, through which the 
thermo-couple is introduced, the metal can be fused in air, hydrogen, 
or in a vacuum, and repeated fusions can be made in different atmo- 
spheres ; the melting-points are not affected either. The paper 
records many tests, and states averages in another part. Ag, 
melting-point 965° to 982°, mean 971°; Au, 1068° to 1074°, mean 
1072°; Cu, 1076° to 1093°, mean 1082°. Often the two methods 
yield repeatedly the same results. Beyond 1456° extrapolation has 
been resorted to, based upon the thermo-E.M.F. of a couple which 
is an almost linear function of the temperature, and the resistances 
of pure platinum and rhodium; the comparison with the air-ther- 
mometer is being continued. Nickel was fused in a magnesia 
crucible ; melting-point 1477° to 1488°, mean 1484°. Palladium 
was tested by the thermopile-fuse in a special tube. A vacuum 
could not be applied, as even this tube softened. A reduction of 
the silicic acid by hydrogen was here clearly observed, a palladium- 
silicon being formed ; finally, concordant results were obtained for 
air and hydrogen: 1584° to 1593°, mean 1587°. Platinum was 
fused in a crucible, the thermo-couple being below and covered by 
a layer of magnesia. As the magnesia is a poor conductor of 
heat, the couple-fuse had to be applied, the wires reaching into an 
inverted crucible, partly packed with magnesia; the mean melting- 
point is 1780°. Violle extrapolates beyond 1200°, Barus beyond 
1050°; others are not referred to. 

Delicate resistance-measurements are made in the following 
way :—T'wo circuits, one containing one accumulator-cell, the other 
two, are bridged by two wires « and §; / contains the galvyano- 
meter, and if there is no current in , there can benone in a. One 
of the intercepted parts formed the resistance to be determined. 
By this method the influences of hydrogen and silica on platinum 
wires, heated within the tube of a Deville furnace, were tested. 
The hydrogen was made electrolytically or generated from zine, 
and dried. Heating in hydrogen raised the resistance from 0-239 
to 0:262 ohm. Palladium and rhodium behave similarly, and their 
temperature-coefficients vary likewise. The resistance-curves of 
two pure platinum wires, moreover, began to deviate from one 
another above 1000°, and slight impurities had a very marked 
effect. The resistance-curve of rhodium is roughly a straight line, 
in reality a long drawn-out S. That of platinum resembles a 
straight line more nearly than Callendar assumes ; the authors do 
-not think that the resistances at high temperatures can be derived 
from observations at 0°, 100°, 440°, although they grant that 
some of Heycock and Neville’s melting-points agree with their 


own, 
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The chemical action of hydrogen documented itself in another 
manner. Hecht has made tubes of a very refractory clay. The 
tubes are porous, and glazed outside ; a glazing inside is not per- 
missive, as it decomposes at high.temperatures. From two such 
concentric tubes hydrogen seemed to disappear; there was no 
escape, however, but chemical action. When the clay is com- 
pressed, the tubes are less porous, but they shrink considerably 
until used in the Deville furnace. A Pintsch water-gas stove has 
also been employed for baking them. The authors sum up against 
resistance-pyrometers, against Callendar’s formula, in favour of 
thermo-couples. They have had constructed by Keiser and Schmidt, 
of Berlin, a special D’Arsonval galvanometer with two adjustable 
scales, to read off simultaneously resistance and temperature, and 
to set the zero to any degree, if ice-cooling is not resorted to. 


HDs 


772. Cooling Action of Currents of Air, A. Oberbeck. 
(Wied. Ann. 56. pp. 397-411, 1895.)—The author describes 
experiments to determine the lowering of temperature of a hot 
wire exposed to a current of air, and the amount of heat given off. 
The wire, heated electrically, was placed in the current from a fan ; 
the speed of the air was measured by an anemometer, and the 
temperature by the resistance of the wire. The wires used were 
0°05 and 0-1 mm. diameter. The latter showed a fall of tem- 
perature of about 100° to 150° in a current of 1:46 m. per sec., and 
two to three times as much in one of 4°34m. The heat carried off 
by the air (apart from radiation) was, for the slower current, about 
proportional to the temperature of the wire. 

After the experimental numbers follows an attempt at the theory. 
Replacing the round wire with a square one, with one face parallel 
to the direction of the air-current, the author calculates the distri- 
bution of temperature, and finds the quantity of heat per second 
and per cm. of wire =@upc/a, where @ is the excess of temperature 
of the wire, v= velocity, p=density, c=sp. heat of the air. aisa 
constant; and on the further assumption that the particles of air 
on leaving the wire have acquired its temperature, a means the 
thickness of the layer of air required to carry off the heat. Fora 
wire of 0:005 em. it is 0-008 em., and for one of 0:01 em. it is 
0-004 em. R. A. L, 


773. Determination of Ratio of the Specific Heats of Air. G. 
Maneuvrier. (Ann. Chim. et Phys. 6. pp. 321-381, 1895.)— 
This is the complete paper of which the notice in C. R. has already 
been abstracted (No, 575, p. 3848), and exhibits his method in great 


detail. R. EH. B. 


774. Thermal Properties of Vapours. A. Battelli. (N. Cim. 
4, 2, pp. 97-115, 1895.)—-This portion deals with the density of 
ether, carbon bisulphide, and the liquid alcohols under the pressure 
of their own saturated vapours. Two methods were used. Inthe 
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first method the densities were determined by a dilatometer filled 
almost entirely with the pure liquid. The liquid was boiled, and 
then the point of the tube was sealed at the blowpipe, so that only 
a small portion of the dilatometer contained vapour. It was then 
weighed to obtain the density. - For higher temperatures the liquid 
was boiled, the tube broken and sealed again, and again weighed. 
The weight of the glass and liquid removed was taken into account 
in determining the density. In the second method the dilatometer 
was attached to a graduated vertical tube leading downwards into 
another vessel filled with mercury and subject to pressure from a 
Cailletet pump. The dilatometer was surrounded by a stove, and 
could be given any required temperature. When this was attained, 
the mercury was forced upwards through the graduated tube till 
the top of the liquid reached the upper neck of the dilatometer, and 
the latter was sealed. The height of the mercury indicated the 
pressure. Tables are given of the densities of the three liquids 
investigated, from — 15°C. to 195°C. in the case of ether, up to 
268° C. in the case of CS, and 240°C. in the case of alcohol, from 
5 to 5 degrees. The author then endeavours to find a formula for 
these densities, but so far without success. Clausius’ formula, even 
in its new form, does not lend itself exactly to the representation 
of the relations between volume, pressure, and pa a 
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775. Effects of “ Distributed Capacity” in Wire Coils, A. S. 
Kimball. (El. World, 26. pp. 39-41, 1895.)—Several experi- 
ments are described which illustrate the effects of distributed 
capacity in wire coils. A coil is wound of No. 36 german-silver 
wire, the winding being non-inductive, and is saturated with 
paraffin. The resistance of the coil is 100,000 ohms. Equal 
direct and alternating potential-differences are successively applied 
to the terminals of the coil, and the corresponding currents are 
observed. The voltage is measured with a Kelvin electrostatic 
voltmeter, and the current by means of an electro-dynamometer. 
The alternating current is always found to be greater than the 
direct current in the ratio of 3 to 1. This is due to the “ capacity 
current” which appears on using alternating potential-differences. 
On taking observations on the phase of the alternating current 
relative to the applied potential-difference, it is found that capacity 
causes the former to be about 20 degrees in advance of the latter. 
Other experiments are described which show that distributed 
capacity in coils of wire is a possibility which must be taken into 
account even in some of the ordinary electro-technical measure- 
ments. W. G. R. 


776. Velocity of Electric Waves. J. Trowbridge and W. 
Duane. (Am. J. Sc. 50. pp. 104-109, 1895.)—This paper 
records a continuation of the work an abstract of which appeared 
in Phys. Soc. Abstracts, No. 473, June 1895. A somewhat 
different arrangement of the apparatus was here finally adopted 
after a long series of trials. For the spark-gap terminals in the 
secondary circuit, after trying tin, aluminium, magnesium, fuse 
metal, &c., cadmium was approved as prodnetive of the best sparks 
for photographic purposes. The following are the results of the 
measurements with the improved apparatus :— 


Nock Distance in em. 
Revolutions between succes- Time of oscillation Heongtn Velocity of 
of Mirror | &¥¢ points on a coeends of wave | waves in em. 
Se eoanl the photo- : in cm, per second, 
P ‘| graphic plate. 
708 0:05028 1:869x 10-7 5670 3:030 x 101° 
73°7 0-05247 1877x1077 5670 3021x1010 
75:2 0:05536 1:940x 10-7 5670 2-923 x 101° 
69°5 0-05002 1:897 x 10-7 5690 3-000 x 101° 
68'9 0:04900 1:876x1077 5690 3034 x 1010 
69:0 0:04974 1-899 x 10-7 5690 2:996 x 1010 
712 0:05075 1:879x 10-7 5660 3013 x 1019 


Whence the mean value of the velocity is 3°0024 x 10" em. per 
second, EB. H. By 
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777, The Sensibility of Galvanometers. W. M. Stine. (El. 
World, 26. pp. 38-389, 1895.)—There is nothing new in. this 
paper. The author insists that due care has not been taken to 
define completely the sensibility of the galvanometers. Attention 
is drawn to the fact that in estimating sensibility, account should 
be taken of the controlling field, the periodic time of the needle, 
and the correction for damping. The article especially calls atten- 
tion to the proper rating of astatic and non-astatic galvanometers, 
yet the author fails to notice that the sensibility of an astatic 
galvanometer really depends upon the degree of astaticism attained. 

y W.G. R. 

778. A Vibration Galvanometer. HH. Rubens. (Wied. Ann. 
56. pp. 27-41, 1895.)—The author, after comparing the several 
methods of measuring oscillatory currents, gives preference to 
Wien’s Optical Telephone as being by far the most sensitive. 
The great disadvantage possessed by this instrument is that it can 
be used only for frequencies corresponding to that of its diaphragm 
within one or two percent. The author’s vibration-galvanometer, 
acting on the same principle, is rather more sensitive than the 
optical telephone, and is made responsive to widely different 
frequencies, by means of a simple adjustment. Two horseshoe- 
magnets, with their pole-pieces surrounded by coils, act on the 
ends of a number of parallel strips of iron; the system of strips 
is suspended by a torsion wire, capable of being clamped at different 
points, so as to vary its period of oscillation. The amplitude of 
oscillation is measured, as in the optical telephone, by a mirror 
attached to the strips. From a table of results given by the 
author, the instrument appears to give one millimetre deflection 
for 10-° ampere and to give readings accurately proportional to the 
current. s Gale Bae 

779. Determination of Self-Induction Coefficients by Alternating 
Currents. FP. Kolacek. (Wied. Ann. 5d. pp. 604-609, 1895.)— 
If a closed coil is placed in a periodic magnetic field so that the 
flow of induction through it =P, cos nt, and the coordinates of the 
coil are ¢, p. .. the corresponding average forces are :— 


= fo) 5 Ln’? 
aime ae ) Lin? +0” 
where L is the self-induction and w the resistance. A flat coil of 


area F placed in the field H, cos nt suffers the greatest force when 
@ the angle between its normal and the direction of the field=45°. 


Then A ae In’ 
Lr? +w? 


The coil may be hung bifilarly and the couple @ measured. No 
experimental details are given. R. A. DB. 
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780. Methods for Studying Currents in Open Circuits and Dis- 
placement Currents in Dielectrics. W.De Nikolaieve. (J. Phys. 
4, pp. 245-254, 1895.)—The mechanical actions accompanying 
induction in a variable field are here utilized for studying the 
currents induced in open metallic circuits and in dielectrics. The 
first experiments have already yielded interesting results. An 
open metallic circuit or dielectric is made the seat of alternating 
or varying currents. In order to excite and study these currents, 
one may place in an alternating magnetic field ¥,, either (1) a small 
open coil, (2) an open ring of metal with a condenser of mica plates 
attached to increase its capacity, or (3) a ring of dielectric. The 
alternating field F,, induces in the circuit a current 7, this in turn 
produces a secondary alternating field fn. The electromagnetic 
actions give rise to a couple tending to deflect the open (or dielectric) 
circuit. The observation of this deflection of the circuit furnishes 
the means of studying the currents of which it is the seat. In 
the first method of experimenting, the open circuit or dielectric 
ring is suspended between the poles of an electromagnet excited 
by the current from a Siemens Alternator, it is therefore placed 
in a field whose vibration is sinusoidal. The paper also gives a 
second experimental method, treats the subject analytically, and 
discusses its bearing upon Maxwell’s electromagnetic theory. 


EH. H. B. 


781. Polarization of Thin Metallic Membranes. HI. Luggin. 
(Wied. Ann. 56. pp. 847-3852, 1895.)— When an electrolytic cell 
is divided into two partitions by a membrane of gold or silver, the 
resistance is not sensibly increased, and no evolution of gas takes 
place. On substituting a piece of platinum foil, the resistance 
increases and gas is rapidly given off. This happens even if there 
is a hole in the platinum-foil. The author shows that in every 
case the current finds its way through the pores in the membrane. 
This was proved by measurements of differences of potential on 
the two faces of a gold-leaf separating two vessels, one inside 
the other, forming an electrolytic cell with platinum electrodes. 
Currents below a milliampere were used. The apparent resistance 
of the gold leaf, of 38°6 sq. mm. area and 0-0013 mm. thick, 
was about 770 ohms. With the conductivity of the liquid in 
question, the total area of the pores traversing the gold-leaf need 
not exceed 23:5 x 107° sq. mm. in order to account for the apparent 
conductivity of the membrane. That the “critical current,” 7. ¢. 
the current at which evolution of gas commences, is proportional 
to the conductivity of the liquid, is explained by the necessity of a 
certain difference of potential to produce electrolysis of water. 

E. E. F 


782. On the Use of a Ballistic Galvanometer when the Discharge 
through it is not Instantaneous. P. Weiss. (J. Phys. 4. 
pp. 420-424, 1895.)—The author investigates the case of two 
discharges passing through a ballistic galvanometer separated by a 
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short interval of time. As an instance, he mentions the use of a 
ballistic. galvanometer in. comparing two mutual inductions, the 
electromotive force of one being retarded by the presence of closed 
secondaries. He gives two proofs, for damped and for undamped 
oscillations, showing that if the distance travelled by the needle 
is an infinitely small quantity of the first order, compared with 
the amplitude, this latter measures the difference between the dis- 
charges to an infinitely small quantity of the second order. 

G. H. Ba. 


783. Convenient Demonstration of the Electric Index of Refraction 
of Inquids. P. Drude. (Wied. Ann. 55. pp. 633-655, 1895.)— 
When electric waves pass from the air into an insulating liquid, 
their wave-length is shortened. The ratio of the wave-length in 
air to that in the liquid is called the efectrical index of refraction of 
the liquid. According to theory, this index is the square root of 
the dielectric constant of the liquid. Hitherto, however, there 
has been no convenient method of demonstrating this phenomenon 
to an audience. If one attempts it by the deviation of the waves 
in air between parabolic mirrors on passing through a prism or on 
entering a layer of liquid as in optics, then either very large prisms 
or troughs of liquid are required, or else one must use very small 
waves and very delicate means of detection. The present author 
has avoided both alternatives by the adoption of waves along a 
pair of parallel wires 64 em. long and 2 cm. apart, which form the 
secondary or Lecher circuit to a Blondlot exciter. The whole 
apparatus is kept small, the wave-length in air being 72cm. For 
detecting the waves a Zehnder tube is used connected to a gold- 
leaf electroscope and a Zamboni pile. Upon the parallel wires 
two movable bridges are also placed to produce the nodes and loops 
of the electric waves where desired. Near the end, remote from 
the exciter, the pair of wires is bent so as to dip into the liquid to 
be experimented upon, which is contained in a trough 18 em. long. 
The disposition of things along the secondary when set up for 
working is then as follows :—Exciter, bridge B,, Zehnder tube, 
entrance of the parallel wires into the liquid, bridge B,, exit of 
wires from liquid, end of wires. In order to make a determination 
of the electric refractive index of a liquid, the bridge B, is adjusted 
until the Zehnder tube (midway between it and the liquid) indicates 
a Joop, the bridge B, being meanwhile at the point where the wires 
enter the water. The bridge B, is then gradually advanced along 
the wires in the liquid and its positions noted, which correspond 
to nodes and loops of the electrical waves in the liquid as indicated 
by the Zehnder tube which, together with the bridge B,, remains 
untouched during this second part of the experiment. The wave- 
lengths in the air and in the liquid are thus readily demonstrated 
and determined. ‘The ratio of the two for ordinary tap-water in a 
preliminary experiment was 9, whence the dielectric constant 
at once follows. A more exact determination with distilled water 
gave 8:7 and 76+6 respectively for the same constants. HE. H. B. 
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784. Electric Resistivity of Metals in different Dielectrics. G. P. 
Grimaldi and G. Platania. (N. Cim. 4. 2, pp. 39-49, 
1895.)—Parr Ist. On the Resistance of Copper in Petroleum.— 
Prof, Sanford, starting from the consideration that current-con- 
duction is a phenomenon of the field, found in 1892 (among other 
data) that copper is more conductive in petroleum than in air in 
the ratio of 1:0018 to 1:0000. His apparatus consisted of a copper 
tube closed at one end, and connected at the other with an axially 
arranged copper wire. The current ran along the wire and back 
by the tube. The temperature was measured to tenths of degrees. 
The tube was made one of the arms of a Wheatstone bridge; and 
its resistance was measured when the tube contained air or was 
filled, in succession, with various dielectric liquids. The authors 
investigated this subject ; and then Prof. Carhart’s negative results 
were publisbed. Both Sanford and Carhart worked at varying 
temperatures ; the authors object to this, since the varying tempe- 
ratures induce resistance-variations greater than the variations 
under investigation. They use a tube like Sanford’s and Carhart’s, 
but twice as wide, and less in length. The authors, instead of 
using a single such tube, have used two, and balanced them on a 
bridge when both contained air only; then filling the one with 
petroleum was found to disturb the balance. Precautions were 
taken to keep the temperature uniform in all the arms of the bridge. 
The authors carefully discuss the causes of error :—E.M.F.’s due to 
mercury-contacts (eliminated by abolishing these); temperature- 
differences (kept below 0°-005, or else corrected for if not exceeding 
0°:04 by means of the data of falling-temperature observations) ; 
thermo-electric currents (not found, for the balance was sustained 
for weeks, and there were no fluctuations) ; variations of resistance 
in the respective arms of the bridge due to temperature changes 
(not found, for these changes would have had to be at least 34°, 
while the temperatures were observed within ;4,°); errors of 
observation (not so, because variations were all in one direction) ; 
stretching of the copper tube by the weight of the petroleum (not 
so, because too small, and if real would have produced nota dimi- 
nution but an increase of the resistance); conductivity of the 
petroleum (not so, for this would only account for one-millionth 
the observed effect). The net result is that copper in petroleum 
is more conductive than copper in air, in the ratio of 1:00015 to 
1:00000 ; about one-twelfth of Sanford’s result. The authors 
attribute this difference to the want of delicacy in the preceding 
cbservers’ thermometers (Sanford to =,°; Carhart to 3°), which has 
complicated their results with variations of resistance due to tem- 
perature-changes. Aco: 


785. Practical Use of the Wheatstone-Kirchhoff Bridge. FF 
Kohlrausch. (Wied. Ann. 56. pp. 177-184, 1895.)—The 
author describes a convenient arrangement of the bridge, generally 
known as the Kohlrausch Bridge, and means for obtaining a 
sharper minimum of sound in the telephone used with it, Two 
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bridges of the cylinder form are illustrated, one with a marble and 
the other with a wooden cylinder. A plug-commutator is pro- 
vided, which enables two additional resistances to be connected in - 
series with the bridge-wire. These are conveniently each 4:5 
times the resistance of the wire, and are joined up, one at each 
end of the wire for comparing nearly equal resistances, and both 
at one end for very unequal resistances. By adopting this value, 
the ratio is deduced without calculation. The author claims an 
accuracy in the first case of 1 in 25,000, if the position on the 
bridge wire is exact to one ten-thousandth of the length, i. ¢., to 
one-tenth of a division. A method of comparing the bridge- 
resistances among themselves is given. ‘lo compensate for capacity 
in measuring the conductivity of electrolytes, an adjustable con- 
denser is provided. This is of very simple construction, consisting 
of tin-foil sheets of varying sizes stuck on a strip of paraffined 
paper, which is then folded alternately, like a book of views. In 
order to compensate for the effects of polarisation, the author 
recommends that a polarization-cell, with the adjustable electrodes 
described by him in Wied. Ann. 51. 1894, should be joined in 
series with the comparison-resistance. Gat. Ba. 


786. Parasitic Electrodes. G.Delvalez. (C. R. 121. pp. 492- 
494, 1895.)—Products of electrolysis make their appearance upon 
a parasitic electrode when the latter is immersed in an electrolyte 
through which a current is passed. As examples may be men- 
tioned :—Platinum in copper sulphate ; a steel needle in acidulated 
water; a drop of mercury in acidulated water or copper sulphate ; 
brass in copper sulphate or in a mixture of acetates of copper and 
lead. In the latter case electrochemical deposits similar to Nobili’s 
figures are produced. On the side of the parasitic electrode facing 
the positive electrode the deposit is metallic; on the other side it 
consists of peroxide of lead and exhibits the colours of thin plates. In 
anelectrolytic cell containing a parasitic electrode, the equipotential 
surfaces are deformed just as in the case of a conductor placed in 
a uniform field of force. The flow of electricity across the para- 
sitic electrode is such that the current-density increases as we 
approach its edges. In certain methods of measurement parasitic 
electrodes are employed and they become polarised; from this it 
follows that all the measurements made are affected by a ae 


error. 10h die 


787. Simple Demonstration of Hertz Reflection Experiment. WV. 
Biernacki. (Wied. Ann. 55. pp. 599-603, 1895.)—This method 
for demonstrating the presence of electric waves is an application 
to the parabolic mirrors used by Hertz of a glass tube loosely filled 
with metal filings, which was mentioned by Branly in 1890, and 
used by Lodge (‘The Work of Hertz’) and called by him a 
“coherer.” The author claims that his.method is simpler than 
those heretofore adopted, and enables one to show the Hertzian 
phenomena to an audience without requiring any apparatus beyond 
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what is at hand in every physical department. The exciter is of 
a form as used by Hertz, and is in the focal line of the primary 
mirror. The secondary mirror has its focal line horizontal, and 
in this line is placed the tube of filings, which is in circuit with a 
few storage-cells or other battery and a lecture galvanometer or an 
electric bell. The presence of electric waves is shown by a de- 
flection of the galvanometer (or ringing of the bell) due to the 
ereatly reduced electric resistance of the ‘“coherer” when the 
waves are incident upon it. The mirrors first used were 90 cm. 
high, 80 cm. width of opening and 12:5 cm. focal length. The 
tube of copper filings was 20 cm. long, and 0:5 cm. diam. The 
mirrors were 12 m. apart. Smaller mirrors of 3 cm. focal length 
were afterwards used, and with these it was quite easy to demon- 
strate the rectilinear propagation, reflection from a zinc plate, the 
transparency of insulators, the opacity of conductors, reflection 
and transmission at a wire-grating, and the experiments with 
crossed mirrors. EHS Be: 

788. Periodic Currents and Conduction. J. Tuma. (Wien. 
Ber. 104. Part ILa. 5, pp. 470-484, 1895.)—The conductivity of a 
wire for periodic currents is compared with its conductivity for 
direct: currents by determining the rate at which heat is developed 
in the two cases. The standard resistance used for such comparisons 
has to be so chosen that the current-density is uniform through- 
out the whole cross-section, at all frequencies, and for all currents ; 
the author adopts a very thin conductor, 7. ¢., a tube with walls of 
0001 mm. formed upon a glass rod by electro-deposition. The 
conductors to be investigated are connected in series with the 
standard, one at a time; and the quantities of heat developed 
simultaneously in the standard resistance and in a particular con- 
ductor, respectively, are measured by two Bunsen ice-calorimeters. 
From the quantities of heat generated per second by the same 
periodic current, numerical values are obtained for the effective 
resistance of a conductor in terms of the resistance of the standard. 
The general arrangement of the electrical part of the apparatus 
resembles that used in the high-frequency experiments of Tesla. 
An alternating current, supplied at 100 volts, is transformed up to 
10,000 voits. This is conveyed toa spark-gap in a magnetic field, 
the spark-gap being shunted by a second circuit which includes a 
glass condenser, an inductive resistance, and the resistances in the 
two calofimeters. The capacity of the condenser can be made 
equal to 0:0095, 0°038, or 0-072 micro-farads, and thus different 
periodicities can be obtained, of 232,900, 124,800, or 84,400 ~ per 
second, respectively. The author observes that these are not 
sufficiently rapid to allow the resistance formula, given by Stefan 
for high periodicities in straight conductors, to be applied with 
strictness; but he was obliged to limit himself to these low values 
as he had no adequate means for determining the rates at greater 
frequencies. Experiments were first made to prove whether the 
motions of the meniscus in the capillary tubes of the ice-calorimeters 
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could be taken as proportional to the square of the current. For 
this purpose direct currents were sent through the two calorimeter- 
conductors for a known time, and were measured by a Siemens’ 
dynamometer: in this way the reduction-factors for the meniscus 
readings of the calorimeters were found. A similar comparison 
then followed with periodic currents at the three different fre- 
quencies, and the corresponding effectual resistances were deduced. 
The ratio of these resistances to the resistances measured with 
direct currents is shown in the form of a table. Other tables are 
given which exhibit the results of similar tests upon conductors of 
different thickness; the materials being copper, german-silver, 
nickel, and iron. In all cases the above ratio increases with the 
thickness of the conductor and the frequency of the current, and 
it approaches more and more towards unity as the specific resist- 
ance increases. [rom this last result the author concludes that, 
through partial conductors conduction takes place in such a way 
that the current-density is practically uniform at all sections, and 
he expresses the opinion that this is the explanation of the effect 
(attributed by the author to d’Arsonval) that currents of very 
high frequency are comparatively harmless to animal organisms— 
the conducting path being unrestricted, and therefore of great 
sectional area. R. A. 


789. Dielectric Constants. J. Lefévre. (L’El. 10. pp. 262- 
264, 1895.)—The specific inductive capacity of a dielectric is 
measured by comparing the attractive forces between the plates 
of a condenser by direct weighing—(1) when the space is filled 
with air; and (2) when a known thickness of dielectric is inter- 
posed. An ordinary balance is adapted to the purpose, one of the 
scale-pans being replaced by a conducting-plate provided with a 
guard-ring. The distances are measured by a cathetometer. A 
Ruhmkorff coil is used for charging the plates, with a leyden jar, 
in the ordinary way; and it is assumed that the difference of 
potential remains constant during a test. Numerical values are 
given for several dielectrics, but there is wanting some further 
account of their constitution and purity ; thus a “ brown” variety 
of paraffin wax is mentioned, and among the liquids, “ petroleum.” 
In the case of sulphur, paraffin wax, and ebonite, the author 
examines the change of specific inductive capacity with time; no 
definite deductions are drawn from the values obtained; the 
observed differences are thought to result from molecular alteration 
within the dielectrics. RA: 


790. The Determination of large Electrolytic Resistances. ML. E. 
Maltby. (Zschr. phys. Chem. pp. 133-158, 1895.)—This paper 
describes the practical operation of the method for determining 
electrolytic resistances proposed by Nernst (4schr. phys. Chem. 
(4) 14, p. 622). A Wheatstone bridge is formed of four electro- 
lytic resistances, and the unknown resistance is found by measure- 
ments with it alternately in and out of the bridge. Electrostatic 
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disturbances are compensated by means of two condensers of 
variable capacity, shunting two adjacent arms of the bridge. 
Balance was determined in some cases by a telephone, and in 
others by a Hankel electrometer. The current was rendered inter- 
mittent by a wire contact-breaker, arranged to give very rapid and 
somewhat irregular vibrations. The electrolyte constituting the 
bridge-resistances was a solution of mannite and boric acid, its very 
small negative temperature-coefficient being compensated by the 
addition of a small quantity of potassium chloride. This was con- 
tained in U-shaped tubes, having one fixed electrode and two adjust- 
able, one in each limb: widely different resistances were obtained 
by taking one or the other of these, and by this means resistances of 
from 100 ohms to 30 megohms could be determined without alter- 
ing the bridge. For the ratio-arm resistances, a double U-tube of 
similar construction is employed. The vessel to contain the 
electrolyte under investigation is a cylinder provided with a ther- 
mometer stopper communicating at the bottom by a narrow neck 
with a small tube at right angles to the cylinder. The electrodes 
are at each end of this. For badly-conducting electrolytes the 
tube is enlarged to a spherical shape ; electrolytes of low resistance 
are contained in a capillary tube between two larger tubes. The 
adjustable condenser consists of two brass plates over a third, the 
capacity being varied by sliding a glass plate more or Jess between the 
plates. The process of comparison is as follows :—The resistances 
of the ratio arms are adjusted to be equal, by means of a reversing- 
key, and then the unknown resistance is inserted in series with 
one of the adjustable resistances, while the other is altered till 
balance is obtained. The resistance is thus determined in terms 
of the divisions on the U-tube, which latter was calibrated rela- 
tively. Some results are appended showing agreement between 
individual readings to about 4 per cent., and agreement with 
Kohlrausch’s results to about 1 per cent. G. H. Ba. 


791. Distribution and Secular Variation of Terrestrial Mag- 
netism. Nos. Il. & Ill L. A. Bauer. (Amer. J. Se. 50. 
pp. 189-204, & 50. pp. 314-325, 1895.) See also Abstract 
No. 726.—The author attempts to localise the chief causes of asym- 
metry or distortion in the earth’s magnetic field. In the first 
place, the magnetic elements are calculated on the supposition 
that the earth is uniformly magnetised about the geographical axis, 
and the values obtained are compared with the mean values of the 
elements along the parallels of latitude. The differences obtained 
between the observed and calculated values are very small con- 
sidering the great variation which sometimes takes place in the 
value of an element on going round a parallel of latitude. By° 
drawing the curves of equal differences between the observed and 
calculated values of the dip for 1885-—the author calls such lines 
isapoclinics—it is found that there are two foci which may be 
regarded as the seat of the forces which causes the deflection 
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of the dipping-needle from its normal position. The approximate 
position of these foci is lat. 20° S., long. 40° W., and lat 5° S. and 
long. 40° E. It is noticeable that these two secondary poles, as 
they may be called, which represent the centres of the forces 
producing the asymmetrical distribution of the earth’s magnetism, 
should be on the same side of the equator and go nearly on it. 
The principal phenomena of the distribution of terrestrial mag- 
netism can thus be regarded as produced by two rectangular 
magnetic systems, a polar and an equatorial, the former about five 
or six times the strength of the latter. The “ isapoclinics” have 
also been calculated for 1780; and in this case the secondary 
polarisation is again nearly equatorial, but by comparing the curves 
with those for 1885, it is evident that the secondary magnetic 
system has been moving along the equator westward. The agonic 
lines have also during this interval been moving to the westward 
at a rate such that a complete revolution would be completed in 
2000 years. The author concludes Pt. III. by indicating how 
the movement of the secondary poles may account for the different 
characters of the curves obtained for the secular motion of the 
north pole of a freely suspended magnetic needle (see Abstract 
No. 248). W. W. 
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792. Chemical Ohanges in Magnetic Rocks produced by Heating. 
G. Folgheraiter. (Rend. Acc. Linc. 4. 2, pp. 78-85, 1895.)— 
Experiments made on peperino and tufa show that the quantity of 
magnetite to be extracted from them, when powdered, by a nagnet 
is not increased by previously heating the specimens, although the 
magnetism is increased. Further, that non-magnetic clay becomes 
slightly magnetic after heating, and that the powdered peperino, 
from which magnetite had been extracted, when made into cylinders 
with the aid of some silicate of potash and water, was not magnetic 
but became so after heating. The author concludes that non- 
magnetic iron compounds existing in the rocks are made magnetic 
by the heating; and that the increase of magnetism observed is 
partly due to that and partly to orientation of the crystals of 
magnetite during heating. Ro Asie 


793. Transition Points determined by the Electrical Method. A, 
E. Baur. (Zschr. phys. Chem. 18. pp. 180-182, 1895.)—The 
temperature at which the following reaction occurs :—Na,HPO, 
12H,O =— Na, HPO,7H,0 +5H,O—was determined by means 
of the method (depending on the use of a concentration battery) 
described by E. Cohen and G. Bredig (Zschr. phys. Chem. 14. 
p. 535, 1894). It was found to lie between 36°5 and 36°8 C, 
The salt HgI,.2Agl was examined in the same way. At 
approximately 50°C. it changes its colour from yellow to red, 
owing to its decomposition into its constituents. The decom- 
position could not be followed in the concentration-cell, however, 
owing to the reduction of the HgI, to Hg,[, by the mercury of 
the electrodes. bad os 


794. Argon and Helium, EB. A. Hill. (Am. J. Sc. 50. pp. 359- 
376, 1895.)—In a previous communication (Abstract No. 480) the 
difficulty of finding a place in the periodic law for monatomic argon 
was discussed. The author finds the chemical facts are almost 
conclusive in favour of the view that argon is diatomic. Sess 


795. On the Determination of Argon. 'T. Schleesing, jun. 
(C. R. 121. pp. 525-528, 604-606, 1895.)—Since argon has been 
discovered, several attempts have been made to decide what réle 
it plays in the phenomena of animal and vegetable life. G, 
M‘Donald and A. M. Kellas have searched ‘for argon in the con- 
stitution of several animals and seeds, but could not find any 
appreciable quantities of it. As this question is still far from 
being solved, and is likely to be raised again and again, the author 
thought that it may be of great practical importance to devise an 
accurate way of determining the argon ina given volume of atmo- 
sphere. It follows from his researches, that the best results are 
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to be obtained when the volume of air taken for analysis does 
not exceed one containing about 1°5 litre of nitrogen, and when 
all the measurements are made over mercury. A special apparatus, 
the design of which is given in the paper, and seems to be very 
suitable tor this determination, has been constructed by the author, 
and the argon obtained in a state fit for measurement by eliminat- 
ing from the air, tirst the oxygen and the carbonic acid in the 
usual way, and then by separating the nitrogen in passing the gas, 
as devised by Rayleigh and Ramsay, through a heated tube filled 
with magnesium and copper oxide. The argon, after having been 
freed from the last traces of carbon dioxide and nitrogen, is then 
measured. It has been found that porcelain or, still better, steel 
are the most suitable materials for the tube in which the separa- 
tion of argon from nitrogen is effected. This determination has 
been repeated several times with very satisfactory and accordant 
results. T'o verify the latter, a series of experiments has been 
made, in which a most exactly measured volume of argon was 
added to a known volume of chemically obtained pure nitrogen. 
The loss of argon per 100 parts of argon added amounted to about 
0:6. Though such a loss is very admissible considering the com- 
plicated manipulations during the determination, a new series of 
investigations was undertaken with a view of discovering a probable 
intermediate reaction, which could account for such aloss. In the 
usual method of determination, the argon comes into contact at a 
red heat with magnesium, copper, copper oxide, steel, or porcelain 
and asbestos. The effect of each of these substances was tried 
upon known volumes of argon; and it was found that, while all 
the substances above named behave indifferently towards argon, a 
loss of 0°25 per cent. of argon is effected by the magnesium, if the 
tube containing it is not heated, that this loss increases to 0°5 per 
cent. if the tube is heated, and that an additional slight increase is 
observed if the heating of the tube be prolonged longer than the 
time necessary for one determination, and if the tension of argon 
in the apparatus becomes higher. The loss of argon experienced 
during a series of experiments in which the tube was heated 
amounted to about 0°68 as a mean, which is in very close accordance 
with the same loss observed in the former determinations. It can 
thus be said that the average loss of argon in the present method 
of its determination is about 0-7 per cent., and a corresponding 
correction should be made for it. A series of analyses of air taken 
in Paris at a height of about 12 metres above the earth gave 
1:184 vol. of argon in 100 vols. of atmospheric nitrogen (nitrogen 
+ argon), and 0-935 vol. argon in 100 vols. of air containing 79-04 
nitrogen. The mean of three samples of air, of which one was 
taken on a hill in Normandy, another on the top of tho Hitfel 
Tower, and a third in the gallery of an iron mine, was 1:182 per 
100 vols. atmospherie nitrogen and 0°934 per 100 vols. of air. 
These figures show that the quantity of argon present in our 
atmosphere is, like that of oxygen and nitrogen, very constant. 
If the above correction of 0°7 per cent. is made, the arene figures 
M 
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would then be 1:192 and 0-941. The determination of argon in 
gases extracted from different kinds of soil shows that the average 
quantity of argon is somewhat lower in them than in the atmo- 
sphere. Though this can be partly attributed to the solvent action 
of water, which, as found by Rayleigh and Ramsay, dissolves two 
and a half times more argon than nitrogen, the fact still remains 
that rain reaches the earth without having absorbed from the 
atmosphere all the quantity of argon contained in it. S. R. 


796. Electrical Conductivity. A. E. Baur. (Zschr. phys. 
Chem. 18. pp. 183-184, 1895.)—Results are given for some of 
Thiele’s tetrazol compounds, and for the ionic velocity of potassium, 
rubidium, and calcium from measurements made on their chlorates. 
The author considers that, owing to the greater differences existing 
in the solubilities of the chlorates, a greater purity is possible. 
His results differ slightly from those of Bredig, who worked with 
the corresponding chlorides. 8.8. 


797. Reversible Reaction. FW. Kuster. (Zschr. phys. 
Chem. 18. pp. 161-179, 1895.)—The paper contains an account of 
the course of a reversible reaction of the first order in a homo- 
geneous system. SoS 


798. Chemical Equivalents. Margfoy. (CO. R. 121. pp. 591- 
594, 1895.)—The author believes that the atomic weights of the 
chemical elements can be represented by multiples or submul- 
tiples of the 63 prime numbers occurring in the series of natural 
whole numbers between 1 and 300. In the table which he gives 
he shows that the atomic weights of 57 of the elements can be 
obtained in this way within +}, of their value. 

[The paper is itself an abstract by the author, and the con- 
cluding remarks are unintelligible. It is also not clear why the 
multiples used have been selected, and why, among other things, 
lithium, with the atomic weight 7, should be unclassified.] TT. E 
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Conductivity, of Palladium-Hydrogen 
(A. Krakau), 710. 

Conductivity of Permanganie 
(J. M. Lovén), 629. 

Conductivity of Salts and Acids in 
Aqueous Solution (E. Franke), 464. 

Conductivity of Salt Solutions (A. O. 
MacGregory), 391. 
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Conductivity of Salts in Various 
Solvents (C. Cattaneo), 717. 

Conductivity of slightly Dissociated 
Substances (M. Wildermann), 100, 


101. 


‘Conductivity and Temperature of Solu- 


tions (G. Jager), 760. 

Conductivity of a Solution on addition 
of a Non-Conductor, Change in (N. 
Strindberg), 172. 

Conductivity of Solutions of Calcium, 
Strontium, and Barium Salts (A. C. 
MacGregory), 85. 

Conductivity of Solutions, Influence of 
Pressure on (G. Tammann), 698. 

Conductivity of Solutions of Salts in 
Acetone (S. vy. Laszezynski), 679. 

Conductivity, Thermal, of Copper 
(R. W. Quick, C. D. Child, B. S. 
Lanphear), 489. 

Conductivity, Thermal, of Copper at 
Low Temperatures (R. W. Quick & 
B.S. Lanphear), 658. 

Conductivity and Viscosity of Amalgams 
(E. R. v. Schweidler), 702. 

Conductivity and Viscosity of Electro- 
lytes (V. Monti), 113. 

Conductors, Energy Transformations 
in (K. Strecker), 465. 

Conductors, Resistance of, Influenced 
by Radiation (HE. Aschkinass), 474. 
Conductors, Side Flashes from (A. 

Broca), 676. 

Constants of Affinity, Ostwald’s 
Formula for (M. Rudolphi), 737. 

Constants, Capillary (T.Lohnstein), 416. 

Constants, Capillary, Determination of 
(T. Lohustein), 203. 

Constants, Dielectric (J. Lefévre), 789. 

Constants, Dielectric (W. Nernst), 81. 

ape Dielectric (C. B. Thwing), 

8. 


Constants, Dielectric, and Dispersion 
(F. Paschen), 466. 

Constants, Electric, of Water (G. G. de 
Villemontée), 630. 

Constituents of Cléveite Gas (C. Runge 
& F. Paschen), 644. 

Contact of two Metals, Resistance at 
(E. Branly), 468. 

Continuous Electrical Conductivity of 
Gases (F. Braun), 171. 

Continuous and Polyphasic Currents, 
ree of Motors for (Duez), 


Continuity of the Solid and Liquid 
States (W. Spring), 283. : 

Convection, Electrical, in Dilute Solu- 
tions (EH. Warburg), 396, 

Convection, Sedimentation, and Diffu- 
sion, Electric (O. Lehmann), 84. 
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Cooling Action of Currents of Air (A. 
Oberbeck), 772. 

Cooling, Method of, for obtaining 
Specific Heat of Mercury (A. Bar- 
toli), 769. 

Copper, Thermal Conductivity of (R. 
W. Quick, O. D. Child, B. S. Lan- 
phear), 489. 

Copper, Thermal Conductivity of, at 
Low Temperatures (R. W. Quick 
& B. 8. Lanphear), 658. 

Corona, Ultra-Violet Rays of, Eclipse 
of April 16, 1893 (H. Deslandres), 
371. 

Correction of Metastatic Thermometers 
(Scheurer-Kestner), 770. 

Corrections, Mercury Thermometer 
(C. E, Guillaume), 619. 

Corresponding Svlutions 
mann), 105. 

Corrosion, Electrolytic, of Underground 
Metal-work (G. P. Low), 324. 

Corrosion, Resistance to, of Aluminium 
Alloys (J. W. Richards), 331. 

Critica! Point, Adiabatic Expansion 
near (L. Natanson), 664. 

Critical Points of Liquids holding 
Solid Bodies in Solution (R. Pictet), 
215. 

Critical Point of Liquids as a Test of 
their Purity (R. Pictet), 214. 

Critical State (K. Wesendonck), 334, 
707. 

Critical Temperature and_ Boiling- 
Point of Hydrogen (K. Olszewski), 
714. 

Critical Temperature of Hydrogen, 
659. 

Critical Temperature of Hydrogen (L. 
Natanson), 497. 

Critical Temperature as a Test of 
Chemical Purity (R. Knietsch), 540. 

Critical Temperature as a Test of 
Purity (M. Altschul & R. Pictet), 
210. 

Critical Temperature as a Test of 
Purity (M. Altschul), 408. 
Criticism of Loomis’ Paper on Freezing- 

Points (F. Koblrausch), 20. 

Cryohydrates (M. Roloff), 693. 

Cryosalts (Oryohydrates) (A. Ponsot), 
341. 

Cryoscopic Researches (A. A. Noyes & 
W. R. Whitney), 404. ; 

Crystals, Absorption of Light by (M. 
Camichel), 302. : 

Crystals, Absorbent, Rotatory Disper- 
sion of (G. Moreau), es ‘a 
rystals, Aggregation of, near e 

2 Aieiace oh latter Liquids (L. de 
Boisbaudran), 121, 


(G. Tam- 
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Crystals, Coalescence in (O. Lehmann), 
751 


Orystals, Electromagnetic Theory of 
Light from Optical Experiments on 
(E. Ketteler), 764. 

Crystal Form of Chemically Simple 
Substances (F. Rinne), 545. 

Crystals, Formation of, at the Bottom 
of Solutions of higher Specific Gravity 
(L. de Boisbaudran), 424. 

Crystals, Hydrated mixed, Solubility of 
(W, Stortenbeker), 708. 

Crystals, Hydrated, Vapour-Tension of 
(C. E. Linebarger), 24. 

Crystals, Refractive Index of certain, 
for Ultra-Violet (G. A. Borel), 
559. 

Crystalline State and Solution, Rotati- 
vity in (H. Traube), 426. 

Crystallography, Microscope for (C. 
Klein), 358. 

Crystallisation, Light Phenomena during 
(E, Bandrowski), 230, 570. 

Crystallisation at Low Temperatures 
(R. Pictet), 122. 

Currents, Continuous, Influence of, on 
Heat radiated by the Skin (Lecercle), 
596. 

Currents, Displacement, in Dielectrics 
(M. de Nicolaieff), 184. 

Currents, Displacement, in Dielectrics 
and in Open Circuits (W. de Niko- 
laieve), 780. 

Currents, Periodic, and Conduction (J. 
Tuma), 788. 

Currents, Photo-Hlectric (J. Elster and 
H. Geitel), 379. 

Currents, Rectified, for Secondary Cells 
(Pollak), 584. 

Curve-Tracer for Tides (A. Faidiga), 
5538. 

Curvimeters (E. Hammer), 653. 

Cycle, Closed Isothermal Reversible (A. 
Ponsot), 499. 

Cyclic Systems, Rotation of a Body 
with (V. Volterra), 759. 

Cylinder of Finite Length, Diffusion in a 
(L. Des Coudres), 739. 

Cylinders, Iron, Magnetism of (Ascoli), 
730. 

Cylindrical Tubes, Propagation of Sound 
in (J. Violle & T. Vautier), 578, 


Daily Movement of Wind Velocities in 
the United States (F. Waldo), 
492. 

Daniell Cell, Electromotive Force of 
(CO. Limb), 631. 

Day, Astronomical and Civil (H, Poin- 
caré), 289, 
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Declination Measurements with Needles 
of various Magnetic Moments (C. 
Lagrange), 590. 

Decomposition, Double, of Gases (H. 
Arctowski), 329. 

Deformation of an Elastic Isotropic 
Circular Area for given Displace- 
ments of Points on its Cireumference 
(G. Lauricella), 344. 

Deformation of Zine at different Tem- 
peratures (BH. Zimansky), 201. 

Degree of Incandescence of Lamps (A. 
Crova), 146. 

Deslandres’ Paper, Observation on (H. 
Poincaré), 299. 

Demagnetisation in Steel Magnets (H. J. 
Houston & A. EH. Kennelly), 597. 

Demonstration of Hertz’ Experiments 
(P. Drude), 76. 

Density of extremely Dilute Solutions 
(. Kohlrausch), 753. 

Density of Dilute Solutions (F. Kohl- 
rausch & W. Haliwachs), 194. 

Density of Dilute Solutions (W. Hall- 
wachs), 193. 

Density of Gases (H. Moissan & H. 
Gautier), 706. 

Density of Heliuin (Cleve), 486. 

Density of Saturated Vapours(G. Bauer), 
512. 

Density of Saturated Vapours and the 
Law of Solidification and Evaporation 
of the Solvent (F. M. Raoult), 54. 

Density of Water at 4° C. (J. Macé de 
Lépinay), 357. 

Depression of Melting-Point under 
Longitudinal Stress (IK. Riecke), 414. 

Determination of Absolute Temperature 
(L. Boltzmann), 149. 

Determination of Capillary Constants, 
Remarks on the Work of Quincke 
(IT. Lohnstein), 203. 

Determination of Density of Gases (H. 

- Moissan & H. Gautier), 706. 

Determination of Induction Coefficients 
of Solenoids (F. Himstedt), 312. 

Determination of Isosmotic Concentra- 
tions (H. Koppe), 533. 

Determination of Luminous Flux (A, 
Blondel), 303. 

Determination of the Mean Temperature 
Coefficient of a Magnet by means of 
the Sine Magnetometer (C. Chistoni), 
470. 

Determination of the Molecular Magni- 
tudes of some Inorganic Substances 
(A. Biltz), 413. 

Determination of Ratio of the Specific 
Heats of Air (G. Maneuvrier), 575. 
Developers of the Latent Image (A. & 

EH. Lumiére), 709. 
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Developers, Photographic, Alkaline Per- 
oxides as (G. A. Le Roy), 145. 

Deviation, Molecular, of Active Sub- 
stances (A. Aignan), 409. 

Deviation and Rotation, Molecular (P. 
A, Guye), 482. 

Diathermancy of Transparent Substances 
(M. Aymonnet), 232. 

Dichroism, Infra-red (E. Merritt), 506. 

Dichroscope, Improved (G. Halle), 231. 

Dielectric Body, Movement of, in Homo- 
geneous Hlectric Field (L. Graetz & 
L. Fomm), 95. | 

Dielectric Constants (J. Lefévre), 789. 

Dielectric Constants (W. Nernst), 81. 

Dielectric Constants and the Chemical 
Constitution of Dielectrics, Relation 
between (C. B. Thwing), 168. 

Dielectric Constants and Chemical 
Equilibrium (W. Nernst), 107. 

Dielectric Constants and Dispersion (F. 
Paschen), 466. 

Dielectrics, Displacement Currents in 
(M. de Nicolaieff), 184. 

Dielectrics, Displacement Currents in 
(W. de Nikolaieve), 780. 

Dielectric, Homogeneous Conducting, 
Solution of Maxwell’s Equation for 
(Birkeland), 681. 

Dielectric Hysteresis (H. Hisler), 594, 

Dielectric, Liquid, Forces acting on 
Electrified Bodies in (Gouy), 580. 

Dielectric Polarisation of Liquids (B. 
W. Stankewitsch ), 67. 

Dielectrics, Force acting at the Surface 
of Separation of two (H. Pellat), 
178. 

Dielectrics and Metal Filings, Conduc- 

; aes of Mixtures of (G. T. Lhuillier), 
722. 

Dielectrics, Resistivity of Metals in dif- 
oe (G. Grimaldi & G. Platania), 
84, 

Different Forms of Multiple Resonance 
(V. Bjerknes), 266. 

Differential Quadrant Electrometer (R, 
Arno), 452. 

Differential Quadrant Electrometer (H. 
Kisler), 517. 

Diffraction Phenomena of Fraunhofer 
& Fresnel, Formule for (M. Cinelli), 
425, 

Diffusion in Alcohol (W. Kawalki), 
97. 

Diffusion, Convection, and Sedimenta- 
tion, Electric (O. Lehmann), 84. 

Diffusion of an Electrolyte in Alcohol 
(W. Kawalki), 108. 

Diffusion in a Cylinder of Finite Length 
under the Influence of Gravity (T. Des 
Coudres), 739. 
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Diffusion, Integration. of Equations of 

. (L. Boltzmann), 204. 

Dilatation of Aqueous Solutions (C. 

- Forch), 513. 

Dilatation, Thermal, of Liquid Thallium 
(G. Pacher), 755. 

sion gsas of Water (S. de Lannoy), 

Dilute Solutions and Osmotic Pressure 
(BE. Bouty), 534. 

Dimensions of Magnetic Potential (F. 
Bedell), 261. 

Direct Experimental Determination of 
the Specific Heat of Saturated Vapour 

- and of the Internal Heat of Vaporisa- 
tion (HK. Mathias), 141. 
Discharge of a Corductor, Effect of 
Temperature on <A. Oberbeck), 463. 
Discharge, Electric, Action of, on Lead- 
oxide (E. Warburg), 450. 

Discharge, Electric, in Argon and Fluo- 
rine (H. Moissan), 519. 

Discharge, Electric, in Gases (O. Leh- 
manr.), 724. 

Discharge, Electric, Phosphorescence of 
Nitrogen after (G. Séguy), 686. 

Pischarge, Positive Glow, Potential 
Gradient in (A. Herz), 377. 

- Discharge Potentials, Static and Dyna- 
mic (E. Swyngedauw), 627. 

Discovery of a Third Permanent Radia- 
tion of the Solar Atmosphere in Gas 

. from Cléveite (H. Deslandres), 555. 

Disintegration, Electrolytic (C. J. Reed), 
395. 

Dispersion and Dielectric Constants (F. 
Paschen), 466. 

Dispersion of Solid Fuchsin and other 
Dye-Stuffs (A. Pfliiger), 763. 

Dispersion, Electrical (P. Drude), 471. 

Dispersion of Electric Waves (L. Graetz 

- & L. Fomm), 579. 

Dispersion of Fluorite aud Ketteler’s 

- Theory (F. Paschen), 143. 

Dispersion of Fluorite in the Ultra-Red 
(F. Paschen), 32. 

Dispersion Formula, Ketteler-Helm- 
holtz (H. Rubens), 430. 
Dispersion of Light, Imitation of Phe- 
nomena of (EH. Ketteler), 220. ; 
Dispersion and Refraction of Electric 
Waves (A. Garbasso & E. Aschkinass), 
588. 

Dispersion of Rock-Salt in the Ultra- 
Red (F. Paschen), 3+. 

Dispersion, Rotatory, of Absorbent 
Crystals (G. Moreau), 234. 

Dispersion of Salts in Solution (A. H. 
Borgesius), 361. : 

Dispersion, Theory of (R. Reiff), 
637. 
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Displacement Currents in Dielectrics 
(M. de Nicolaieff), 184. 

Displacement Currents in Dielectrics 
(W. de Nikolaieve), 780. 

Displacement Currents, 
(Vaschy), 310. 

Dissipation Function (L. Natanson), 
443, 667. 

Dissipation Function, Kinetic Inter- 
pretation of (L. Natanson), 12, 

Dissociated Substances, Conductivity of 
(M. Wildermann), 100, 101. 

Dissociation of Acids, Influence of Tem- 
perature on (H. Jahn), 400. 

Dissociation, Electrolytic (A. A. Noyes 
& CO. G. Abbot), 402. 

Dissociation, Electrolytic, Theory of 
(S. Tanatar), 378. 

Dissociation and Optical Rotation (E. 
Rimbach), 505. 

Dissociation Pressure of Palladium-Hy- 
drogen (A, Krakau), 710. 

Dissociation and Rotativity of Electro- 
lytes (G. Carrara), 112. 

Dissociation-Theory of Solutions (A. 
Schlamp), 196. 

Dissociation of Water (W. Nernst), 103. 

Distributed Capacity in Wire Coils (A. 
8. Kimball), 775. 

Distribution of Energy in the Spectrum 
of the Glow-Lamp (E. Nichols), 307, 

Distribution of Induced Magnetism 
(Ascoli), 321, 581. 

Distribution of Induction in Strained 
Nickel Wire (H. Nagaoka), 62. 

Distribution and Secular Variation of 
Terrestrial Magnetism (L. A. Bauer), 
726, 791. 

Disturbance, Lines of Equal, on the 
Harth (A. de Tillo), 182. 

Disturbance of Telephone Wires near 
Alternating Circuits (M. Pierard), 
259. 

Downward Non-Gyratory Air-Currents 
in Waterspouts and Tornados (H. 
Faye), 422. 

Doppler’s Principle, Application of, to 
Radiation (C. E. Guillaume), 366. 
Double-Bifilar Electrometer (A. H. 

Borgesius), 175. 

Double Decomposition of Gases (H. 
Arctowski), 329. 

Double-movement Spectroscope-Stand 
(F. L. O. Wadsworth), 131. 

Double Refraction of Electric Radiation 
(P. Lebedew), 728. 

Double Refraction of Electric Rays 
(K. Mack), 258. 

Double Refraction of Electric Rays 
(A. Righi), 582. 

Drop Electrodes (G. Meyer), 160. 


Maxwell’s 
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Durable Thin Plates with Newton’s 
Rings (F. Koblrausch), 42. 

Duration of Electric Shadows caused 
by Solid and Fluid Insulators (G. 
Quincke), 523. 

Duration of Seismic Records(H. Oddone), 
542. 

Dust, Solar Radiation as affected by 
(A. Bartoli), 218. 

Dyes in badly-conducting Electrolytes 
(O. Lehmann), 72. 

Dye-stuffs, Dispersion of (A. Pfliiger), 
763. 


Dynamic Problems whose Differential 
Equations admit of an Infinitesimal 
Transformation (P. Staeckel), 216. 

Dynamics and Static Discharge Poten- 
tials (H. Swyngedauw), 627, 634. 

Dynamos, Compounding, for Armature 
Reaction (EH. Thomson), 727, 


Earth, Lines of Equal Disturbance in 
the Magnetic Potential of the, for 1880 
(W. von Bezold), 459. 

Earth, Magnetic Elements of, and Lines 
of Equal Disturbance (A. de Tullo), 
182. 

Earth, Magnetic Hlements of (A. de 
Tillo), 638. 

Earth as a Magnetic Shell (F. H. Bige- 
low), 754. 

Earth’s Magnetism, Secuiar Change in 
(A. de Tillo), 475. 

EKarth’s Motion, Effect of, on Refraction 
Phenomena (A. Leduc), 433. 

Earthquake, Chilo-Argentine, of Oct. 27, 
1894 (A. F. Nogués), 202. 

Earthquakes, Frequency of Recent (C. 
VY. Zenger), 546. 

Earthquake Shocks, Frequency of (F. de 
Montessus de Ballore), 354. 

Eclipse of the Moon on March 11, 1895 
(J. Janssen), 355. 

Eclipse, Solar, Pyrheliometric Obser- 
vations during (A. Bartoli, H. Strac- 
ciati, & G. Raffo), 300. 

Eclipse, Total, of April 16, 1893 (H. 
Deslandres), 371. 

Eclipsed Moon, Brightness of (J. v. 
Hepperger), 657. 

Effect of Centrifugal Force upon Chemi- 
cal Systems (G. Bredig), 735. 

Effect of Dissolved Gases upon the Silver 
Voltameter (J. E. Myers), 682. 

Effect of External Pressure on Satura- 
tion Pressure of Vapour (N.Schiller), 3. 

Effects of Expired Air upon Animal Life 
(D. H. Bergey, 8S. W. Mitchell, & 
J. 8. Billings), 485. 

Effect of Heat and Electric Current on 
Young’s Modulus (M. OC. Noyes), 288, 
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Effect of Pressure on the Temperature 
of Change of Allotropic Form (8, 
Lussana), 293. 

Effect of Temperature on the Discharge 
of a Conductor into Air (A. Oberbeck), 
463. 

Effect of Temperature on the Magnetic 
Properties of Bodies (P. Curie), 593. 

Eiffel Tower, Atmospheric Electricity on 
(Chauveau), 520. 

Elastic Bodies, Equations of Equilibrium 
of (G. Lauricella), 410. 

Elastic Bodies, Isotropic, Equations for 
Equilibrium in (C. Somigliana), 285. 

Elastic Body, Equilibrium of (G. Lauri- 
cella), 342, 

Elastic Forces, Representation of Field 
of Force by (C. Somigliana), 286. 

Elastic Hysteresis(M.Cantone), 278, 547. 

Elastic Hysteresis of Metals (M. Can- 
tone), 756. 

Elastic Properties of Metals (M. Can- 
tone), 750. 

Elasticity (W. Voigt), 7. 

Elasticity, Equations of (C. Somigliana), 
284. 

pene tl of Gelatine Jellies (E. Fraas), 
207. 

Elasticity and Hardness of Glass 
(F. Auerbach), 120. 

Elasticity, Methods of Investigating 
(M. Cantone), 541. 

Elasticity, Somigliana’s Paper on (G. 
Lauricella), 343. 

Electric Arc (L. Thomas), 179. 

Electric Conductivity of Salt Solutions 
(A. C. MacGregory), 391. 

Electric Constants of Water (G. G. de 
Villemontée), 630. 

Electric Convection, Sedimentation, and 
Diffusion (O. Lehmann), 84. 

Electric Discharge in Argon and Fluo- 
rine (H. Moissan), 519. 

Electric Discharge in Gases (O. Leh- 
mann), 724, 

Electric Discharges of the Torpedo 
(D’Arsonval), 671. 

Electric Index of Refraction (P. Drude), 
783. 

Electric Lighting by Incandescence (A. 
Witz), 675. 

Electric Logs, 246. 

Electric Oscillations of Short Wave- 
length producing Phenomena analo- 
gous to the principal Phenomena of 
Optics (A. Righi), 191. 

Electric Resistance at the Contact of” 
two Metals (E. Branly), 468. 

Electric Resonance (V. Bjerknes), 685. 

Electric Shadows, Duration of (G. 
Quincke), 523, 
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Electric Waves generated by two Rect- 
angular Oscillations or by a Uniform 
Rotation (A. Righi), 260. 

Electrical Conduction by Hot Gases 
(E. Pringsheim), 457. 

Electrical Conduction and Convection 
in Slightly Conducting Dilute Solu- 
tions (E. Warburg), 396. 

Electrical Conduction of Rarefied Air 
(C. A. Mebius), 388. 

Electrical Conductivity of Salts in 
various Solvents (C. Cattaneo), 
WAG 

Electrical Conductivity of Palladium- 
Hydrogen in Relation to its Dissocia- 
tion Pressure (A. Krakau), 710. 

ai Conductivity (A. EB. Baur), 

Electrical Methed of determining Tran- 
sition Points (A. BE. Baur), 793. 

Electrical Coservations on the Sonn- 
blick (J. Elster & H. Geitel), 529. 

Electrics! and Optical Phenomena, 
Theory of (H. A. Lorentz), 263, 316. 

Elercrical Rays, Elliptically Polarized, 
and Electrical Resonance (L. Zehn- 
der), 144. 

Electrical Resistance of Sugar Solutions 
(Gin & Leleux), 458. 

Electrical Vibrations in Tesla’s Experi- 
ments (A. Oberbeck), 680. 

Electricity, Atmospheric, on the Eiffel 
Tower (Chauveau), 520. 

Electricity, Loss of, from bad Conduc- 
tors (E. Branly), 449. 

Electricity Meter (Harries & Riemann), 
521. 

Electrification derived from Red-hot 
Conductors (G. Vicentini & M. Ci- 
nelli), 252. 

Electrification produced by the Eyvapo- 
ration of Volatile Conducting Liquids 
(P. Pettinelli), 674. 

Electrified Bodies in a Liquid Dielectric, 
Forces acting on (Gouy), 580. 

Electro-Bleaching (L. J. Matos), 448. 

Electrochemical Detection of Boric 
Acid (M. Mayengon), 314. : 

Electrochemical Experiments (R. Zsig- 
mondy), 689. _ ; 

Electrochemical Method of Recording 
Alternating Currents (P. Janet), 156. 

Electrochemical Researches (A. Voigt), 
177. 

Electrochemistry of Fused Sulphides 
(J. Garnier), 315. 

Electrodes, Drop (G. Meyer), 160. _ 

Electrodes, Feeler, for finding Resist- 
ance of Electrolytes (F. Kohlrausch), 


91. 
Electrodes, Parasitic (G. Delvalez), 786. 
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Electrodes, Small, Polarisation of (K. R. 
Koch & A. Willner), 158. 

Electrodes, Spongy Metal (L. Cailletet 
& Collardeau), 189. 

Electrolysis, Fundamental Law of (0. 
Wiedeburg), 170. 

Electrolysis and Polarisation (O. Wie- 
deburg), 90. 

Electrolysis, Purification of Water by 
(G. Oppermann), 313. 

Electrolysis, Theory of (A. H. Buche- 
rer), 375. 

Electrolysis, Thermal Effects in (A. 
Campetti), 111. 

Electrolytes, badly conducting, Dyes in 
(O. Lehmann), 72. 

Electrolytes, Conductivity and Viscosity 
of (V. Monti), 113. 

Electrolyte, Diffusion of a, in Alcohol 
(W. Kawalki), 108. 

Electrolytes, Feeler Electrodes for find- 
ing Resistance of (F. Kohlrausch), 
91. 

Electrolytes and Metals, Potential Dif- 
ference between (V. Rothmund), 
376. 

Electrolytes, Resistance of, by Alternat- 
ing Currents (F. Kohlrausch), 325. 
Electrolytes, Rotativity and Dissociation 

of (G. Carrara), 112. 

Electrolytes in the Solid State, Thermo- 
electricity of (S. Lussana), 114. 

Electrolytic Condensers, Capacity of 
(S. Sheldon, H. W. Leitch, A. N, 
Shaw), 527. 

Electrolytic Conductivity of Aqueous 
Solutions: its connection with the 
Temperature (G. Jager), 760. 

Electrolytic Conductivity of Concen- 
trated Sulphuric Acid (K, E. Guthe 
& L. J. Briggs), 725. 

Electrolytic Conduetivity Curves (F. 
Swarts), 322. 

Electrolytic Conductivity, Influence of 
Pressure on (I. Fanjung), 82. 

Electrolytic Corrosion of Underground 
Metal-work (G. P. Low), 324. 

Electrolytic Decomposition of Water 
(le Blanc), 169. 

Electrolytic Disintegration (C. J. Reed), 
395. 

Electrolytic Dissociation (A. A. Noyes 
& C. G. Abbot), 402. 

Electrolytic Dissociation, Theory of 
(S. Tanatar), 378. 

Electrolytic Resistances, Large (M. E. 
Maltby), 790. 

Electromagnetic Attraction (M. Weber), 
256. 

Electromagnetic Enorgy, Radiation of, 
in Space (K. Birkeland), 628. 
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Electromagnetic Rotation of Solutions 
of Hydrochloric Acid (A, Schonrock), 
335. 

Electromagnetic Theory of Light from 
Optical Experiments with Crystals 
(E. Ketteler), 764. 

Hlectrometer, Absolute, for High Po- 
tentials (H. Abraham & J. Lemoine), 
399, 453. 

Electrometer, (W. Hall- 
wachs), 398. 

Electrometers, Capillary, and Drop 
Electrodes (G. Meyer), 160. 

Electrometer, Capillary, Theory of (K. 
Schreber), 155. 

Electrometer, Double-Bifilar (A. H. 
Borgesius), 175. 

Electrometer, new Sensitive Idiostatic 
(A. Righi), 187. 

Electrometer, Quadrant, as a Differen- 
tial Instrument (R. Arno), 452. 

Electrometer, Quadrant, as a Differen- 
tial Instrument (H. Eisler), 517. 

EHlectromotive Force of Chemical Com- 
bination (H. Cohen), 173. 

Electromotive Force of Clark, Gouy, 
and Daniell Cells (C. Limb), 631. 

Electromotive Force of Magnetisation 
(Hurmuzeseu), 318. 

Electromotive Force, Seat of, in Voltaic 
Cell (W. Ostwald), 633. 

Electro-Optical Researches on Polarised 
Light (J. Elster & H. Geitel), 762. 

Electrostatic Capacity of Coils (J. 
Cauro), 326. 

Electrostatic Energy, Ponder-electro- 
motive Forces due to Variation of 
(N. Schiller), 624. 

Electrostatic Rotations 
Gases (R. Arno), 185. 

Electrostriction by Free Ions (P. Drude 

- & W. Nernst), 381. 

Elements, Classification of (L. de Bois- 
baudran), 600. 

Elements, Classification 
Traube), 405. 

Elliptic Polarisation of Light from a 
‘Yransparent Reflector (P. Drude), 
37. 

Elliptically Polarised Electrical Rays 
and Electrical Resonance (L. Zehn- 
der), 144. 

Elongation of Magnetised Iron (P. 
Bachmetjew), 530. 

Emission of Electric Waves by Reson- 
ance (M. Planck), 592. 

Emission of Light (G. Jaumann), 221. 

“Emission of Hot Gases,’ Paschen’s 
(H. Pringsheim), 55. 

Emission, Validity of Kirchhoff’s Law of 
(F. Paschen), 28. 


Aperiodic 


in Rarefied 


of the (J. 
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End Measurements, Recording Instru- 
ment for (L, Hartmann), 494. 

Energy, Distribution of, in the Spectrum 
of the Glow-Lamp (H. Nichols), 
307. 


' Energy, Free, Change of, on mixing 


Concentrated Solutions (W. Nernst), 
96. 

Energy, Law of Transmission of (M. 
Vaschy), 244. 

Energy, Muscular, of Positive and 
Negative Work (A. Chauveau), 612. 
Energy Transformations in Electrical 

Conductors (K. Strecker), 465. 

Engraving, Photo-, Network Screens 
for (C. Féry), 369. 

Equations of Diffusion, Integration of 
(L. Boltzmann), 204. 

Equations of Elasticity (C. Somigliana), 
284. 

Equation, Van der Waals’, Function @ 
in (G. Bakker), 125. 

Equilibrium, Chemical and Dielectric 
Constants (W. Nernst), 107. 

Equilibrium of an Indefinite Elastic 
Body limited by a Plane (G. Lauri- 
cella), 342. 

Equilibrium of a Stressed Solid in its 
Liquid, and Depression of its Melt- 
ing-Point under Longitudinal Stress 
(E. Riecke), 414. 

Equivalents, | Chemical 
798. 

Errors in Photometric Standards (E. 
Liebenthal), 501. 

Error, Sources of, in yery Sensitive 
Apparatus (H. Armagnat), 723. 

Estimation of Molecular Lowering of 
Melting-Point (A. Leduc), 483. 

Estimation of Transition-Points by an 
Electrical Method, and the Electro- 
motive Force of Chemical Combina- 
tion (E. Cohen), 173. 

Ether, Maxwell’s Theory of Movement 
of (H. v. Helmholtz), 613. 

Ether and Methyl Alcohol, Osmotic 
ogee between (I. M. Raoult), 

ui 

Ether, Permeability of Solids to (L. 
Zehnder), 495. 

Ethereal Salts, Temperature Coefficients 
for (A. Bartoli), 200. 

Ethyl Ether, Viscosity of (A. Heyd- 
weiller), 666. 

Evaporation of Conducting Liquids, 
producing Electrification (P. Petti- 
nelli), 674, 

Evaporation and Theories of Capillarity 
(G. van der Mensbriigghe), 757. 

Exact Formule for Osmotic Pressure 


(J. J. van Laar), 692. 


(Marqfoy), 


GENERAL INDEX. 


Exact Wave-lengths of the Bands in the 
Ultra-Red of the Carbonie Acid and 
Water Spectra (F. Paschen), 33. 

Expansion, Adiabatic, near the Critical 
Point (L. Natanson), 664. 

Expansion Air-Pump (A. Raps), 356. 

Experimental Determination of the 
Density of Saturated Vapours (G. 
Bauer), 512. 

Experimental Researches on the Criti- 
cal Points of Liquids holding Solid 
Bodies in Solution (R. Pictet), 215. 

Experiments with Alternate-Current 
Arcs (A. Blondel), 677. 

Experiments on Electrical Dispersion 
(P. Drude), 471. 

Experiments on the Origin of Frictional 
Eiectricity (C. Christiansen), 61. 

Extension of <he Gaussian Potential 
Theory of “errestrial Magnetism (L. 
A. Bauer), 472. 

“ Extra-Carrent,’ Magnetic Effects of 
(CO. Fromine), 253. 

Extreinely Sensitive Galvanometer (P. 
Weiss), 522. 

Bye, Optical Axis of (W. C. Réutgen), 
39 


Eye, Sensitiveness of, to Rhythmical 
Flashes (U. Henry), 219. 

Eye Tissues, Absorption Spectrum of 
(E. Aschkinass), 711. 


Falling Animals, Movements of (Marey, 
Guyou, M. Levy, L. Lecornu), 359. 
Falling-Groove, Galilean, for Physical 
Demonstrations (P. Volkmann), 116. 

Fall of Potential in a Three-Phase 
Circuit (J. Rodet:), 718. : 

Feeler Electrodes for finding Resistance 
of Electrolytes (F. Kohlrausch), 91. 

File-dust Tubes, Use of, in the Study of 
Electrical Interference (E. Branly), 
589. 

Flames, Manometric, Photography of 
(W. Hallock), 306. 

Flames, Sensitive (E. Bouty), 577. 

Flashes, Side, from Electrical Cunduc- 
tors (A. Broca), 676. 
Fluids, Heavy, Kinetic Theory of (L. 
Houllevigue), 608. : 
Fluorescence of Organic Compounds in 
the Gaseous, Liquid, and Solid States 
(E. Wiedemann & G. C. Schmidt), 
767. : 

Fluorescence of Argon charged with 
Benzene Vapour (Berthelot), 434. 

Fluorescence of Argon when sparked 
with Benzene (Berthelot), 598. 

Fluorescence Phenomena (E. Bucking- 
ham), 46. 
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Fluorescence of Solutions (O. Knob- 
lauch), 428. 

Fluorine, Electric Discharge in (H. 
Moissan), 519. 

Fluorite, Dispersion of, and Ketteler’s 
Theory (F. Paschen), 143. 

Fluorite, Dispersion of, in the Ultra- 
Red (F. Paschen), 32. 

Fluted Spectra (A. Schuster), 500. 

Flux, Luminous, Determination of (A, 
Blondel), 303. 

Focometer, Universal (M. Weiss), 301. 
Force acting at the surface of Separation 
of two Dielectrics (H. Pellat), 178. 
Forces acting on Electrified Bodies in a 

Liquid Dielectric (Gouy), 580. 
Forces between Solid Particles totally 
immersed in Liquids (W. J. A. Bliss), 
351, 352. 
Force, Field of, represented by Elastic 
Forces (C. Somigliana), 286. 
Formation of Crystals at the Bottom of 
Solutions of Higher Specific Gravity 
(L. de Boisbaudran), 424. 
Formation of Ozone by Electrical Os- 
cillations (HE. Wiedemann & G. C, 
Schmidt), 250. 
Fracture under Stress and Strain (W. 
Voigt), 5. 
Freezing of Solutions at Constant Tem- 
peratures (A. Oulson), 498. 
Freezing-Points, Accurate Determination 
of (E. H. Loomis), 19. 
Freezing-Points of Concentrated Solu- 
tions (R. Abegg), 211. 
Freezing-Points of Jilute Solutions 
(W. Nernst & R. Abegg), 336. 
Freezing-Points of Dilute Solutions 
(M. Wildermann & P. B. Lewis), 
337. 
Freezing-Points of Very Dilute Solu- 
tions, lowering of (A. Leduc), 340, 
Freezing-Point of Very Dilute Solu- 
tions (A. Leduc), 488. 

Freezing-Point of Dilute Solutions, 
Lowering of (A. Ponisot), 389. 

Freezing-Points, Loomis’ paper on (F, 
Kohlrausch), 20. 

Freezing-Points of Mixtures of Liquids 
(R. Pictet & M. Altschul), 208. 

Freezing-Points of some Organie 
Liquids (M. Altschul & B. von 
Schneider), 209. 

Freezing-Point and Osmotic Pressure 
(C. Dieterici), 9. 

Freezing-Point of Solutions of Sodium 
Chloride (A. Ponsot), 388. 

Freezing-Point of Solvent, Lowering of 
(H. CO. Jones), 192. 

Frequency of Absorption Rays of Iso- 
tropic Substances (G. Moreau), 227. 
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Frequency of Earthquake Shocks (F, de 
Montessus de Ballore), 354. 

Frequency at High Pitches (F. Melde), 
60. 


Frequency of Recent Earthquakes (C. v. _ 


Zenger), 546. 
Fresnel’s Biprism (G. Meslin), 236. 
Frictional Electricity, Experiments on 
the Origin of (C. Christiansen), 61. 
Friction, Internal, of Metals (M. Can- 
tone), 411, 420. 

Friction, Laws of (P. Painlevé), 610. 

Fringes, Secondary, in Newton’s Rings 
(R. Boulouch), 139. 

Fuchsin, Solid, Anomalous Dispersion 
of (A. Pfliger), 763. 

Function @ in Van der Waals’ Equation 
(G. Bakker), 125. 

Fundamental Law of Electrolysis (O. 
Wiedeburg), 170. 

Furnaces, Electric, Reverberatory (H. 
Moissan), 719. 

Furrowed Interference Phenomena (H. 
Poincaré), 566. 

Fusion Formula, Clapeyron’s Verifica- 
tion of (De Visser), 438. 

Fusion, Latent Heat of (Berthelot), 
372. 


Galilean Falling-Groove for Physical 
Demonstrations (P. Volkmann), 116. 

Galvanic Polarisation of Nickel, Cobalt, 
and Iron (E. Vogel), 678. 

Galvanometer, Ballistic, Use of, when 
the Discharge is not instantaneous (P, 
Weiss), 782. 

Galvanometer, Extremely Sensitive (P. 
Weiss), 522. 

Galvanometer for Photographing Alter- 
nate-Current Curves (H. J. Hotchkiss 
& FB. E. Millis), 684. 

Galvanometers, Sensibility of (W. M. 
Stine), 777. 

Galvanometer, a Sensitive (P. Weiss), 
397. 

Galvanometer, Vibration (H. Rubens), 
778. 

Gases, Absence of, in the Water at the 
bottom of the Lake of Geneva (A. De- 
lebecque & A, Le Royer), 549. 

Gas from Cléveite (P. F. Cléve), 555. 

oS Cléveite (C. Runge & F. Paschen), 

44., 

Gases, Conductivity of (F. Braun), 171. 

Gases, Density of (H. Moissan & H. 
Gautier), 706. 

Gases, Dissolved, Effect of, on the 
Silver Voltameter (J. E. Myers), 682, 

Gases, Double Decomposition of, 329. 

Gases, Electric Discharge in (O. Leh- 
mann), 724. 
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Gases, Hot, Conduction by (KE. Prings- 
heim), 451. 

Gases, Kinetic Theory of (8. Blaserna), 
650. 

Gases and Liquids, Theory of (G. Bak- 
ker), 153, 697. 

Gases from Minerals, Spectrum Analysis 
of (N. Lockyer), 558. « 

Gases, Rarefied, Electrostatic Rotations 
in (R. Arno), 185. 

Gases, Ratio of Specific Heats at Con- 
stant Volumo and Temperature (L. 
Boltzmann), 205. 

Gas Reactions, Study of, by Volume 
Alteration (M. von Recklinghausen), 
99 


Gases, Specific Heat of (H. Petrini), 
276. 

Gases, Specific Heat of (S. Lussana), 
5 


Gas Batteries with Electrodes of Com- 
pressed Spongy Metals (L. Cailietet 
& Collardeau), 189. 

Gee ee Studies of (F. J. Smale), 
8 


Gas, Maxwell’s Law of the Distribution 
of Velocities among Molecules of a 
(i. Boltzmann), 205. 

Gas Spectra (F. Paschen). 29. 

Gaussian Potential Theory of Terrestrial 
Magnetism (L. A. Bauer), 472. 

Geissler Tubes, Conduction of Heat and 
Temperature in (KE. Warburg), 319. 

Gelatine Jellies, Hlasticity of (H. Fraas), 
207. 

Gelatinous Media, Precipitation in (N. 
Pringsheim), 687. 

Genoral Alternate- Current Transformer 
(CO. P. Steinmetz), 732. 

General Formula for the representation 
of a Field of Force by Elastic Forces . 
(CO. Somigliana), 286. 

General Solution of Maxwell’s Equations 
for a Homogeneous Conducting Di- 
electric (K. Birkeland), 681. 

Geneva, Lake of, Absence of Gases in 
the Water from the bottom of (A. De- 
lebecque & A. Le Royer), 549. 

Geology of the Moon (H. Suess), 491. 

Girder, Continuous, Stresses in, owing 
to Differences of Temperature between 
fe Flanges (Deslandres & M. Lévy), 

Glass, Alteration of Structure of, through 
heating (HE. Priwoznik), 574. 

Glass, Hardness and Elasticity of (F., 
Auerbach), 120. 

Glass, Reflection from (B. Walter), 36. 

Glass, Silvering Process (F. L. O. Wads- 
worth), 228. 

Glass, Silvering (A. & L. Lumiére), 229, 
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Glow-Lamps (H. Armagnat), 364. 
Glow-Lamp, Distribution of Energy in 
the Spectrum of (E. Nichols), 307. 
Gouy Cell, Electromotive Force of (C. 
Limb), 631. 

Graphic Methods of Counting Beats (F. 
Campanile), 622. 

Graphical Thermodynamics (R. de 
Saussure), 308. : 

Graphite (H. Moissan), 271. 

Graphite, Iron (H. Moissan), 272. 

Se seen in Russia (G. Defforges), 

Grenoble, Seismic 
(Kilian), 548. 

Guericke, Otto von, Air-Pump of (E. 
Berthold), 418. 


Observations at 


Hagenbach-Zehnder Experiments (K. 
Birkeland), 7%, ‘i 

Half-shade Polarisers (F. Lippich), 41. 

sei Solders for Brass (R. Schwirkus), 


Hardness and Elasticity of Glass (F. 
Auervach), 120. 

Heat Uurrents, Kinetic Energy of (L. 
WNatanson), 667. 

Beat, Influence of, on the Strengih of 
Manganese Bronze (M. Rudeloff), 
441, 

Heat, Latent, v. Latent Heat. 

Heat-Motion, Kinetic Energy of (L. 
Natanson), 443. 

Heat radiated by the Skin under the 
Influence of Continuous Currents 
(Lecercle), 596. 

Heat from Solidification in Solutions 
(O. Tumlirz), 768. 

Heat of Solution calculated from Solu- 
bility (J. J. van Laar), 713. 

Heat of Solution (H. Jahn), 738, 

Heat, Specific, v. Specific Heat. 

Heat Spectra (H. Carvallo), 373. 

Height, Abnormal Variations of Pres- 
sure with (L. T. de Bort), 487. 

Helium and Argon (BH. A. Hill), 794. 

Helium and Argon with Magnesium (L. 
Troost & L. Ouvrard), 741. 

_ Helium and Argon in Mineral Waters 
(C. Bouchard), 740. 

Helium from Oléveite (P. F. Cléve), 
481. ; 

Helium, Density of (P. F. Cleve), 486. 

Helium, Spectrum of (C. Runge & F. 
Paschen), 569. 

Hertz’ Experiments, Demonstration of 
(P. Drude), 76. ’ 

Hertz’ Reflection Experiment, Simple 
Demonstration of (V. Biernacki), 787. 

Hertzian Oscillator, Vibrations of (J. v. 
Geitler), 683. 
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Heterogeneous System, Therinodynamic 
Potential for (BE. Riecke), 48. 

High-Frequency Experiments (F. Him- 
stedt), 74. 

Fs Pitches, Frequency at (F. Melde), 


High Temperatures, Determining (L. 
Holborn & W. Wien), 771. 

High Temperatures, Measurement with 
Thermo Element (J. McCrae), 514. 
High-Temperature Mercury Thermo- 

meters (A. Mahlke), 150. 

High-Temperature Research, Present 
State of (C. Barus), 152. 

High-Temperature Thermometers (A. 
Mahlke), 148. 

Historical Note on the Effect of the 
Earth’s Motion on Refraction Pheno- 
mena (A. Leduc), 433. 

Holtz Influence Machine (K. HE. F. 
Schmidt & H. Riihlmann), 720. 

Humidity on the Sonnblick (J. Hann), 
646. 

Humidity, Diurnal Variation of (D. 
Eginitis), 754. 

Humidity, Double Diurnal Oscillation 
of (A. Angot), 754. 

Huygens’ Principle in Isotropic Bodies 
(B. Carvallo), 226. 

Huygens’ Problem (B. Brunhes), 224. 

Hydration, Influence of, on Solubility 
(N. Kurnakow), 332. 

Hydrochloric Acid, Electromagnetic 
Rotation of Solutions of (O. Schon- 
rock), 335. 

Hydrogen, Absorption of, by Water and 
Aqueous Salt Solutions (P. Steiner), 
10. 

Hydrogen, Action of, on Photographic 
Plates (H. Cohen), 479. 

Hydrogen, Critical Temperature, 659. 

Hydrogen, Critical Temperature of (L. 
Natanson), 497. 

Hydrogen, Critical Temperature and 
Boiling-Point of (K. Olszewski), 714. 

Hydrogen and Oxygen, Atomic Weights 
of (E. W. Morley), 554. ' 

Hydrogen and Palladium (C. Hoitsema), 
544. 

Hydrogen Peroxide, Colour, Specific 
Gravity, and Surface-Tension of (W. 
Spring), 535. 

Hydrogen Peroxide, Specific Heat of 
(W. Spring), 573. : 
Hydrogen and some Metals, Potentials 
of (B. Neumann), 83. ; 
Hydrolysis of the Salts of Weak Acids 

and Weak Bases (S. Arrhenius), 
197. 
Hydrometer (T. Lohnstein), 15. 
Hysteresis, Dielectric oe 594. 
Py aX 
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Hysteresis, Elastic (M. Cantone), 278, 
547, 756. 
Hysteresis Meter (F. Holden), 586. 


Ice, Electromagnetic Waves in, and 
Specifie Inductive Capacity of (R- 
Blondlot), 180. 

Ice, Plasticity of (O. Migge), 696. 

Ice, Specific Inductive Capacity of (A. 
Perrot), 181. 

Idiostatic Electrometer, New Sensitive 
(A. Righi), 187. 

Illumination, Measuring (EH. J. Houston 
& A. E. Kennelly), 367. 

Imbibition, Thermodynamics of (EH. 
Riecke), 49. 

Imitation of the Phenomena of Disper- 
sion of Light; Theory of the Mutual 
Action of a Series of Pendulums in 
Air (E. Ketteler), 220. 

Improved Anemometer (J. Richard), 
206. 

Smproved Balance (B. Pensky), 13. 

Improved Dichroscope (G. Tialle), 231. 

Incandescence, Electric Lighting by (A. 
Witz), 675. 

Incandescence of Lamps, Degree of 
(A. Crova), 146. 

Incandescence, Incipient, and Afterglow 
in Vacuum-Tubes (UC. Kirn), 40. 

Incandescent Gases, Lighting by (C. i. 
Guillaume), 712. 

Index, Refractive, of Aqueous Solutions 
of Cadmium Salts (R. De Muynck), 
26. 

Index, Refractive, of certain Crystals 
(G. A. Borel), 559. 

Index, Refractive, of Sulphur and Phos- 
phorus Solutions (V. Berghoff), 222. 

Index of Refraction, Electric, Demon- 
stration of (P. Drude), 783. 

Indices, Refractive, and Specific Induc- 
tive Capacities of Fused Salts (L. 
Arons), 38. 

Induction-Coefficients of Solenoids (F. 
Himstedt), 312. 

Induction-Ooils, Large, Interrupter for 
(F. L. O. Wadsworth), 115. 

Induction, Measurement of Coefficients 
of (M. H. Abraham), 92. 

Induction, Self-, Coefficients (f. Kold- 
cek), 779. 

Induction, Self-, of Iron Wires (I. 
Klemenci¢), 251. 

Induction in Strained Nickel Wire, 
Distribution of (H. Nagaoka), 62. 
Induction Tests by Lelephoneand Bridge 

(H. Abraham), 380. 

Induction, Unipolar (E. Lecher), 469. 

Influence of Circular or Axial Magne- 
tisation (I. Klemen¢ié), 532. 


GENERAL INDEX. 


Influence of Electrical Radiation on the 
Resistance of Metallic Conductors (E. 
Aschkinass), 474. 

Influence of other Electrolytes on the 
Conduetivity of Acetic Acid (A. J. 
Wakeman), 257. 

Influence of Heat on the Strength of 
Manganese Bronze (M. Rudeloff), 
441 


Influence of Hydration on Solubility 
(N. Kurnakow), 332. 

Influence Machine, Holtz (K. E. F. 
Schmidt & H. Ruhlmann), 720. 

Influence Machine, Theory of (W. 
Holtz), 249. 

Influence of Magnetic Fields and Tem- 
perature on Electric Conductivity of 
Bismuth (J. B. Henderson), 268. 

Influence of Pressure on the Electric 
Conductivity of Solutions (G. Tam- 
mann), 698. 

Influence of Pressure on Electrolytic 
Oonductivity (I. Fanjung), 82. 

Influence of Pressure on the Properties 
of Solutions (G. Tammann), 98. 

Influence of Pressure on the Specific 
Inductive Capacity of Water and Ethyl 
Alcohol (W. OC. Rontgen), 77. 

Influence of Temperature on the State 
of Dissociation of Acids from the 
Experiments of Schroder (H. Jahn), 
400. 

Influence of Temperature on the Trans- 
parency of Solutions (K. L. Nichols & 
M. C. Spencer), 362. 

Influence of Temperature on Viscosity 
of Benzol and Ethyl Ether above their 
Boiling-Points (A. Heydweiller), 666. 

Infra-Red Dichroism (H. Merritt), 506. 

Integration of Equations of Diffusion 
with Variable Diffusion Coefficients 
(L. Boltzmann), 204. 

Integration of the Equations of Hqui- 
librium of Hlastic Bodies (G. Lauri- 
cella), 410. 

Integration of the Equations of Equi- 
librium in Isotropic Elastic Bodies 
(C. Somigliana), 285. 

Intensity of Light, Measurement of, by 
Chemical Action (G. Lemoine), 297. 


‘Interference, Achromatic (W. Kénig), 
761 


Interference Phenomena analogous to 
Newton’s Rings by Electric Waves 
along Wires (H. H. Barton), 190. 

Interference Phenomena, Furrowed (H. 
Poincaré), 566. 

et esi Refractometer (I. Mach), 

Internal Friction of Metals (M. Can 
tone), 411, 420. 
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Internal Heat of Vaporisation (E, Ma- 
thias), 151. 

Interpretation of Lunar Photographs 
(Lewy & P. Puiseux), 605. 

Interrupter for Large Induction-Coils 
(F. L. O. Wadsworth), 115. 

Instrument for measuring the Distance 
and Height of a Remote Object 
(Schrader), 552. 

Instrument, Recording, for End Mea- 
surement (L. Hartmann), 494. 

Instruments, Vibrationless Supports for 
(W. Hinthoven), 705. 

Instruments, Vibrationless Supports for 
(W. H. Julius), 704. . 

Iodine, Molecular Weight of (E. Beck- 
mann & A. Stock), 538, 

Seo Solutions, Colours of (E. Thiele), 


Ions, Atoms, «nd Molecules, Colour 
Relations of (M. C. Lea), 490. 

Tons, Colour of (G. Manganini), 742. 

Tons, Free, Hlectrostriction by (P. Drude 
& W. Nernst), 381. 

Tons, Kotativity of (P. Walden), 273. 

Ions, Stochiometry of the Velocities of 
(G. Bredig), 106. 

“ions, Velocities of (A. Campetti), 401. 


/ Iris, Direct Action of Light on (0. 


Henry), 563. 
Iron, Amalgams 
736. 
Iron Cylinders, Magnetism of (Ascoli), 


of (A. Zamboni), 


Tron Cylinders, Magnetised (O. Gro- 
trian), 68. 

Tron Graphite (H. Moissan), 272. 

Iron, Magnetised, Elongation and Ther- 
moelectric Power of (P. Bachmetjew), 
530. 

Iron, Nickel, and Cobalt, Variations of 
Dimensions of, when magnetised (H. 
Nagaoka), 63. 

Tron, Polarisation of (E. Vogel), 678. 

Iron Rods, Poisson’s Ratio in (A. Bock), 
394. 

Iron, Testing Magnetic Properties of 
(W. S. Franklin), 587. 

Iron Wires, Electrical Waves on (J. 
Trowbridge), 164. 

Tron Wires, Self-Induction of (I. Kle- 
mentic), 251. 

Iron Wires, Wave-Lengths on (C. E. 
St. John), 164. M 

Isomorphous Mixtures (F. W. Kiister), 
417. 

Isomorphous Salts, Melting-Points of 
Mixtures of (F. W. Kiister), 406. 

Tsosmotic Concentrations (H. Képpe), 


533. 
Isothermal, Clausius’ (H. Riecke), 445. 
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Isotonic Solutions determined by Cen- 
trifugalising Blood-mixtures (S. G. 
Hedin), 587. 

Isotropic Bodies, Huygens’ Principle in 
(E. Carvallo), 226. 

Isotropic Elastic Bodies, Equations for 
Equilibrium in (C. Somigliana), 285. 

Isotropic Substances, Frequency of Ab- 
sorption Rays of (G. Moreau), 227. 


Jellies, Gelatine, Elasticity of (E. Fraas), 
207. 


Kathode Polarisation (J. Roszkowski), 
328. 

Kathode Rays (Lenard), 89. 

Kathode Rays, Action on Salts (H. Gold- 
stein), 320. 

Kathode Rays, Application of, to Vari- 
able Magnetic Fields (A. Hess), 186. 
Kathode Rays, Production of (J. de 

Kowalski), 245, 

Kerr Magneto-Optie 
Wind), 360. 

Ketteler-Helmholtz Dispersion Formula 
(H. Rubens), 430. 

Ketteler’s Theory and Dispersion of 
Fluorite (F. Paschen), 143. 

Kinetic Energy of Heat-Currents and 
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in (H. Nagaoka), 62. 

Nitrogen, Combination with Carbon 
Disulphide (Berthelot), 601. 

Nitrogen, Phosphorescence of, after the 
Electric Discharge (G. Séguy), 686. 

Nitrogen, Refractive Equivalent (R. 
Nasini & G. Carrara), 648. 

Nitrogen, Spectrochemistry of (J. W. 
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Osmotic Pressure and Freezing-Point 
(C. Dieterici), 9. 

Osmotic Pressure, Formule for (J. J. 
van Laar), 692. 
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Oxygen, Absorption-Spectrum of (J. 
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Liévin), 5386. 

Phase-Change by Reflection from Thin 
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Photometry of Mean Spherical Power 
(A. Blondel), 508. 

Photometry, Photographic (J. Janssen), 
296. 

Photometry, Photographic (C. E, Guil- 
laume), 363. 

Photo-Lheodolite (O. Ney), 295. 

Physical Changes attending the Tem- 
pering of Steel (G. Charpy), 415, 
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Physical Properties of Solid Carbonic 
Acid (P. Villard), 604, 

Physico-Chemical Measurements (W. 
Ostwald), 691. 

Pigments, Sedimentation and Absorp- 
tion of (O. Lehmann), 104. 

Planets, Magnetic State of (E. Leyst), 
721. 

Planets, Movements of, from their Spec- 
tra (H. Deslandres), 298, 299. 

Planets, Spectra of the (H.C. Vogel), 
436. 


Planimeter, Prytz’ Hatchet (E. Ham- 
mer), 350. 

Plasticity of Ice (O. Migge), 696. 

Platinoid and Manganin, Thermo- 
aoe Properties of (B. O. Peirce), 

Platinum Bulb-Thermometer (M. Mar- 
chis), 809. + 

Poisson’s Ratio in Iron Rods (A. Bock), 
394. 

Polarisation and Electrolysis (0. Wie- 
deburg), 90. 

Polarisation, Galvanic, of Nickel, Cobalt, 
and Iron (HB. Vogel), 678. 

Polarisation, Galvanic, Thermodyna- 
mics of (H. Jahn & O. Schénrock), 
323, 

Polarisation, Kathode (J. Roszkowski), 
328. 


Polarisation of Light, Elliptic, from a 
Transparent Reflector (P. Drude), 
37 


Polarisation of Liquids, Dielectric (B. 
W. Stankewitsch), 67. 

Polarisation of Thin Metallic Mem- 
branes (H. Luggin), 781. 

Polarisation at Precipitated Septa be- 
tween Electrolytes (P. Springmann), 
86. 

Polarisation of Smali Electrodes (K. R. 
Koch & A. Wiillner), 158. 

Polarised, Eliiptically, Electrical Rays 
and Electrical Resonance (L. Zehn- 
der), 144. 

Polarised Light, Electro-Optical Re- 
searches with (J. Elster & H. Geitel), 
762. 

Polarised Light, Circularly (B. Brun- 
hes), 561. 

Polarised Light, Circularly, Absorption 
of (A. Cotton & Cornu), 564. 

Polarised Mercury, Superficial Tension 
of (O. Wiedeburg), 199. 

Polarisers, Half-Shade (F, Lippich), 41, 

Pole, Balloon Expedition to (G. Tissan- 
dier), 484, 

Polyphasic and Continuous Currents, 
Comparison of Motors for (Duez),670. 
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Ponderelectromotive Forces due to 
Variations of Electrostatic Hnergy 
(N. Schiller), 624. 

Potassium and Sodium Nitrates, Specific 
Inductive Capacities and Refractive 
Indices of (L. Arons), 38. 

Potential Difference between Metals 
and Electrolytes (V. Rothmund), 
376. 

Potentials, Discharge, Statice and Dy- 
namic (HW. Swyngedauw), 627. 

Potential, Fall of, in Three-phase Cir- 
cuit (J. Redet), 718. 

Potential Gradient in a Positive Glow- 
Discharge (A. Herz), 377. 

Potential, Magnetic, Dimensions of (F. 
Bedell), 261. 

Potentials of Hydrogen and of some 
Metals (B. Neumann), 83. 

Potentials, Static and Dynamic (R. 
Swyngedauw), 634. 

Potential, Thermodynamic (EH, Beltra- 
mi), 661. 

Potentiometer (O. Raps), 495. 

Precipitation in Gelatinous Media (N. 
Pringsheim), 687. 

Present State of High-Temperature 
Research (O. Barus), 152. 

Pressure, Abnormal, Variations of, with 
Height (L. T. de Bort), 487. 

Pressure, Effect of, on the Temperature 
of Change of Allotropic Form (S. 
Lussana), 293. 

Pressure, Influence on the Conductivity 
of Solutions (G. Tammann), 698. 

Pressure, Influence of, on Electrolytic 
Conductivity (I. Fanjung), 82. 

Pressure, Influence of, on the Proper- 
ties of Solutions (G. Tammann), 98. 

Pressure, Influence of, on the Specific 
Inductive Capacity of Water and 
Ethyl Alcohol (W. OC. Rontgen), 77. 

Pressure, Osmotic (Ponsot), 645. 

Pressure, Temperature, and Latent 
Heat of Vaporisation (C. EH. Line- 
barger), 511. 

Prime Moyer, Animal as a (R. H. 
Thurston), 291, 346. 

Production of Kathode Rays (J. de 
Kowalski), 245. 

Projectiles, Penetration of Solids and 
Semifluids by (H. Resal), 349. 

Projectiles, Perforation of Metallic 
Plates by (E. Vallier), 213. 

Projectiles, Velocity of (A. C. Crehore 

» &G, O. Squier), 652. 

Proof of the Boltzmann-Maxwell Law 
(M. Planck), 510. 

Proof of Maxwell’s Law of the Distri- 
bution of Velocities among Molecules 
of a Gas: Ratio of the Specific Heats 
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of Gases at Constant Volume and 
Constant Temperature (L. Boltz- 
mann), 205. 

Propagation of Electromagnetic Waves 
in Ice, aud Specific Inductive Capa- 
city of that Body (R. Blondlot), 180. 

Propagation of Sound in Oylindrical 
Tubes (J. Violle & T. Vautier), 578. 

Properties of Bodies at the Absolute 
Zero (C. M. Guldberg), 240. 

Prout’s Hypothesis and the Periodic 
Law—-Argon (Hi. A. Hill), 480. 

Prytz Hatchet Planimeter (H, Ham- 
mer), 350. 

Pseudo-Monochromasy, a New Form of 
Colour-Blindness (A. Konig), 35. 

Pull of Magnets (EH. T. Jones), 457. 

Pupillometer, New (C. Henry), 563. 

Pure Water (F. Kohlrausch & A. Heyd- 
weiller), 1. 

Purification and Sterilisation of Drink- 
ing-Water by Electrolysis (G. Opper- 
mann), 313. 

Purity, Critical Point of Liquids as a 
Test of (R. Pictet), 214. 

Purity, Critical Temperature as a Test 
of (R. Knietsch), 540. 

Purity, Critical Temperature as a Test 
of (M. Altschul & R. Pictet), 210. 
Purity, Critical Temperature as a Test 

of (M. Altschul), 408. 

Pyrheliometric Observations during a 
Solar Eclipse (A. Bartoli, EH. Strac- 
ciati, & G. Raffo), 300). 


Quadrant Electrometer as a Differential 
Instrument: (R. Arno), 452. 

Quadrant Electrometer as a Differential 
Instrument (H. Fisler), 517. 

Quadrilaterals, Jointed, Link-work with 
(L. Delaunay), 607. 

packs Plates, Testing (B. Brunhes), 
138. 

Quincke, Remarks on the Work of (T. 
Lohnstein), 203. 


Radiation, Application of Doppler’s 
Principle to (C. E. Guillaume), 366. 
Radiation, Electric, Double Refraction 

of (P. Lebedew), 728. 

Radiation, Electric, Measurements in 
(L. Zehnder), 70. 

Radiation, Electrical, Tnfluence of, on 
the Resistance of Conductors (EB. 
Aschkinass), 474. 

Radiation of Electromagnetic Energy, 
in Space (K. Birkeland), 623. 

Radiation and Light, Units of (A. Mac- 
farlane), 304. 

tte through Liquids (C, Friedel), 
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Radiation at Low Temperatures (R. 
Pictet), 239. 

Radiation, Solar (A. Bartoli & HE, 
Stracciati), 656 

Radiation, Thermal, at Low Tempera- 
tures (R. Pictet), 446. 

Radiation, Third Permanent, of the 
Solar Atmosphere (H. Deslandres), 
555. 

Radiometer of Symmetrical Oonstruc- 
tion (G. Séguy), 427. 

Rapidity of the Photo-electric Pheno- 
mena of Selenium (Q. Majorana), 
47. 

Rate of Oxidation of Phosphorus, 
Sulphur, ana Aldehyde (T. Ewan), 
476. 

Rate of JKeaction and Boiling-Point 
(J. E, Trevor & F. L. Kortright), 
102. 

Ratie of Diminution of Section to Lon- 
gitudinal Strain as a Temperature 
Function (A. Bock), 50. 

‘Ratio between the Lateral Contraction 
and the Longitudinal Dilatation 
(Poisson’s Ratio) in Magnetised Iron 
Rods (A. Bock), 394. 

Rays, Electric, Double Refraction of 
(A. Righi), 582. 

Rays, Electric, Double Refraction of 
(W. von Bezold), 636. 

Rays, Hlectric, Double Refraction of 
(K. Mack), 258. 

Rays, Infra-red, Action on Silver Sul- 
phide (H. Rigollot), 649. 

Rays, New, in Electric Sparks (C. 
Wicdemann), 626. 

Reaction, Armature, Preventing (H. J. 
Ryan & M. E. Thompson), 390. 

Reaction, Rate of, and Boiling-Point 
(J. BE. Trevor & F, L. Kortright), 
102. 

Reaction, Reversible (F. W. Icister), 
797. 

Recent Photographs of Lightning (N. 
Piltschikoff), 632. 

Recorder, Photographic, for Magneto- 
meters and Galvanometers (K. 
Schering & C. Zeissig), 183. 

Recording Alternating Currents, an 
Electrochemical Method of (P. Janet), 
156. 

Recording Instrument, 
(A. Raps), 18. 

Rectified Currents for Secondary Cells 
(Pollak), 584. finn pee 

Red-hot Conductors, LHlectrification 
from (G. Vicentini & M. Cinelli), 
252. 

Reductions of Weighings to Vacuo 
(BP. Schottlander), 412, 


Photographic 
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Reflecting Telescope, Objective for (C. 
V. Zenger), 368. 

Reflection Experiment, 
Biernacki), 787. 

Reflection from Glass (B. Walter), 36. 

Reflection, Total, C ptical Thin Plate in 
the case of (C. Fabry), 294. 

Reflectors, Spherical, for Are Lights 
(A. Nodon), 591. 

Refraction, Abnormal, over Water Sur- 
faces (C. Dufour), 661. 

Refraction and Density of Dilute Solu- 
tions (W. Hallwachs), 193. 

Refraction and Dispersion of Electric 
Waves (A. Garbasso & H. Aschkinass), 
588. 

Refraction and Dispersion of Salts in 
Solution by an Interference Refracto- 
meter (A. H. Borgesius), 361. 

Refraction, Double, of Electric Radia- 
tion (P. Lebedew), 728. 

Refraction, Double, of Electric Rays 
(W. von Bezold), 636. 

Refraction, Double, of Electric Rays 
(K. Mack), 258. 

Refraction, Double, of Electric Rays 
(A. Righi), 582. 
Refraction, Electric, 

Drude), 783. 

Refraction Phenomena, Effect of Earth’s 
Motion on (A. Leduc), 433. 

Refractive Equivalent of Oxygen, Sul- 
phur, and Nitrogen (R. Nasini & G. 
Carrara), 648. 

Refractive Indices of Fused, and Specific 
Inductive Capacities of Solid Salts 
(L. Arons), 31. 

Refractive Index of Aqueous Solutions 
of Cadmium Salts (R. de Muynck), 
26. 

Refractive Index of certain Orystals for 
the Ultra-Violet (G. A. Borel), 559. 
Refractive Index of Sulphur and Phos- 

phorus Solutions (V. Berghoff), 
222. 
Refractometer, Interference (L. Mach), 


Hertz (Vv. 


Index of (P. 


134, 
Regularity of Luminous Motion (Gouy), 
567 


‘Relation of Atomic Weights of Hydro- 


gen and Oxygen (HE. W. Morley), 
554. 


Relation between the Dielectric Con- 
stants and the Chemical Constitutions 
of Dielectrics (OC. B. Thwing), 168. 

Relation between Relief and Seismo- 
logical Frequency (De Montessus), 
496. 

Relation between the Vapour-Pressures 
of Water, Ice, and a freezing Saline 
Solution (A. Ponsot), 118, 
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Relief and Seismological Frequency 
(De Montessus), 496, 

Remarkable Alteration of Structure of 
Glass through Heating (E. Priwoz- 
nik), 574. 

Remarks on Mack's Article on the 
Double Refraction of Electric Rays 
(W. von Bezold), 636. 

Remote Object, Measuring Distance 
and Height of (Schrader), 552. 

Repeated Fusion of Lead-Tin Alloys 
(B. Wiesengrund), 4. 

Researches on Stationary Electric 
Waves (E. Salvioni), 157. 

Residual Charge (A. 8S. Dunstan), 
635. 

Residual Charges of Condensers and 
their Dependence on ‘Temperature 
(F. Bedell & OC. Kinsley), 262. 

Resistance of the Air (C. Chapel), 
130. 

Resistance of the Air (EH. Vallier), 
129. 

Resistance of Conductors, Influence of 
Radiation on (HE. Aschkinass), 474. 
Resistance to Corrosion of Aluminium 

Alloys (J. W. Rickards), 331. 

Resistance Determination in Absolute 
Measure (F. Himstedt), 311. 

Resistance of Electrolytes, by Alterna- 
ting Current (F. Kohlrausch), 325. 

Resistance of Electrolytes, Feeler Elec- 
trodes for finding (F. Koblrausch), 
91. 

Resistance, Measurement of, by means 
of Alternating Currents and the 
Telephone (R. Colson), 242. 

Resistance of some New Alloys (E. van 
Aubel), 317. 

Resistances, Electrolytic, Large, Deter- 
mination of (M. E. Maltby), 790. 

Resistance of Solutions (F. Kohlrausch 
& A, Heydweiller), 389. 

Resistance to a Spreading Current and 
Polarisation of Small Electrodes (K. 
R. Koch & A. Willner), 158. 

Resistance, Specific, and Temperature 
Coefficients of Copper-Zine Alloys 
(R. Haas), 66. 

Resistance Variations of Bismuth (A. 
Sadoysky), 461. 

Resistivity of Metals in Different Di- 
electrics (G. Grimaldi & G. Platania), 
784. 

Resonance (Neyreneuf), 715. 

Resonance, Absorption and Emission 
of Electric Waves by (M. Planck), 
592. 

Resonance in Alternate-Current Lines 
(E. P, Houston & A, E. Kennelly), 
455, 
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Resonance Analysis of Alternating Cur- 
rents (M. I. Pupin), 165. 

Resonance, Electric (V. Bjerkunes), 685. 

Resonance, Electrical (L. Zehnder), 
144. 

Resonance, 
266. 

Resonance in Transformer Circuits (F. 
Bedell & A. C. Crehore), 528. 

Resonators, Stationary, Mechanical 
Action of Waves on: 1. Electro- 
magnetic Waves (P. Lebedew), 65. 

Retina, Sensitiveness of (A. Konig & 
J. Zamtt), 43. 

Reverberatory Electric Furnaces (H. 
Moissan), 719. 

Reverser, Scale-Pan (A. Classen), 347. 

Reversible Closed Isothermal Cycle (A. 
Ponsot), 499. 

peal Reaction (EF. W. Kiister), 

We 

Rhythmical Flashes, Sensitiveness of 
Eye to (C. Henry), 219. 

Rise in Solubility (H. Goldschmidt), 
493. 

Rise of Temperature in Working Muscle 
(A. Chauvean), 571. 

Rock-Salt, Dispersion of, in the Ultra- 
Red (F. Paschen), 34. 

Rocks, Magnetic, Chemical Changes in, 
by Heating (G. Folgheraiter), 792. 
Rotation of a Body in which exist 
Cyclic Systems (V. Volterra), 759. 
Rotation Deviation, Molecular (P. A. 

Guye), 482. 

Rotation, Electromagnetic, of Solutions 
of Hydrochloric Acid (O. Schonrock), 
335. 

Rotation, Optical, and Dissociation (Hl. 
Rimbach), 505. 

Rotations, Electrostatic, in Rarefied 
Gases (R. Arno), 185. 

Rotative Power, Molecular, of Active 
Substances (A. Aignan), 409. 

Rotativity of some Active Amyl Com- 
pounds (P. Walden), 223. 

Rotativity of Bodies in the Crystalline 
State and in Solution (H. Traube), 
426. 

Rotativity and Dissociation of Electro- 
lytes (G. Carrara), 112. 

Rotativity of Ions (P. Walden), 273. 

Rotativity of Solutions (A. Aignan), 
110. 

Rotatory Dispersion of Absorbent 
Crystals (G. Moreau), 234. ‘ 

Boe Gravitation in (G. Defforges), 


Multiple (V. Bjerknes), 


Salts and Acids in Solution, Conduc- 
tivity of (E, Franke), 464, 
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Salts, Conductivity of Solutions of (A. 
C. MacGregory), 391. 

Salts, Conductivity of Solutions of, in 
Acetone (S. v. Laszezynski), 679. 

Salts, Conductivity of, in Various 
Solvents (C. Cattaneo), 717. 

Salts, some Inorganic, Melting-Point of 
(J. McCrae), 514. 

Salts, Isomorphous, Melting-Points of 
Mixtures of (F. W. Kiister), 406. 

Salts, Luminescence of (E.Wiedemann & 
G. OC. Schmidt), 432. 

Salts, Refraction and Dispersion of 
(A. H. Borgesins), 361. 

Salts, Solubilityof, in Organic Liquids 
(O. E, Linebarger), 282. i 

Salt Solutions between 100° and 150°, 
Volumes of (K. Zepernick & G. Tam- 
mann), 599. 

Salts, Superfused, Specific Heat of (L. 
Brvaer), 572. 

Salts, Volumes of, in Aqueous Solutions 
{G. de Boisbaudran), 403, 641. 

Saturated Vapour, Specific Heat of (E. 
Mathias), 151. 

Saturation-Pressure of Vapour, Hffect 
of External Pressure on (N. 
Schiller), 3. 

Saturation-Pressure of a Vapour in an 
Electric Field (A. Sokolow), 290. 

Saturn’s Rings, Spectroscopical Obser- 
vations of (H. Deslandres), 503. 

Scale-Pan Reverser (A. Classen), 347. 

Schroder, E., on Dissociation of Acids 
(H. Jahn), 400. 

Schuller’s Automatic Air-Pump (K. 
Kiss), 281. 

Screens, Network for Photo-Engraying 
(C. Féry), 369. 

Seat of the Electromotive Force in a 
Voltaic Cell (W. Ostwald), 633. 

Secondary Fringes in Newton’s Rings 
(R. Boulouch), 139. 

Secular Changes in the Harth’s Magne- 
tism (A. de illo), 475. 

Secular Motion of a Free Magnetic 
Needle (L. A. Bauer), 731. 

Secular Variation of Terrestrial Mag- 
netism (L. A. Bauer), 248, 726, 791. 
Sedimentation and Absorption of Pig- 

ments (O. Lehmann), 104. 

Sedimentation, Convection, and Diffu- 
sion, Electric (O. Lehmann), 84, 

Seismic Observations at Grenoble 
(Kilian), 548. 

Seismic Records, Duration of (H. Od- 
done), 542. ; 

Seismological Frequency and Relief 
(De Montessus), 496. ; 

Selenium, Rapidity of the Photo-electric 
Phenomena of (Q. Majorana), 47. 
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Self-Inductions, Small, Calculation and 
Measurement of (M. Wien), 254. 

Self-Induction Coefficients, determined 
Ey mene Currents (F. Koldcek), 
779. 

Self-Induction of Iron Wires (I. Kle- 
mencic), 251. 

Sensibility of Galvanometers (W. M. 
Stine), 777. 

Sensitive Apparatus, Sources of Error 
in (H. Armagnat), 723. 

Sensitive Flames (EH. Bouty), 577. 

Sensitive Galyanometer (P. Weiss), 397, 
522. 

Sensitiveness of Eye to Rhythmical 
Flashes (C. Henry), 219. 

Sensitiveness of Human Retina (A. Konig 
& J. Zumft), 43. 

Septa between Electrolytes, Polarisation 
at (P. Springmann), 86. 

Shadows, Electric, Duration of (G. 
Quincke), 523. 

Shielding, Magnetic (M. Ascoli), 327. 

Shocks, Aid to Victims of, 247. 

Should the Astronomical coincide with 
the Civil Day ? (H. Poincaré), 289. 
Shutters, “ Instantaneous,” Tests of (K. 

R. Koch), 556. 

Side-Flashes from Electrical Conductors 
(A. Broca), 676. 

Silvering Process for Glass (F. L. O. 
Wadsworth), 228. 

Silvering Glass (A. & L. Lumiere), 
229. 

Silver Sulphide, Action of Infra-red 
Rays on (H. Rigollot), 649. 

Simple Chronograph Pendulum (C, 
Barus), 119. 

Simple Experiment showing the Presence 
of Argon in Air (Guntz), 407. 

Siren (H. Pellat), 716. 

Skin, Heat radiated by, under influence 
of Continuous Currents (Lecercle), 
596. 

Skin Sensitiveness used for measuring 
Capacity (H. Bordier), 585. 

Sodium Chloride, Freezing-Point of 
Solutions of (A. Ponsot), 338. 

Sodium and Potassium Nitrates, Specific 
Inductive Capacities and Refractive 
Indices of (L. Arons), 38. 

Sodium Sulphate, Transition Tempera- 
ture of (J. Verschaffelt), 264. 

Solar Atmosphere, Third Permanent 
Radiation of (H. Deslandres), 555. 
Solar Radiation (A. Bartoli & E. Strac- 

ciati), 656. 

Solar Radiation, Absorption of, by Mist 
(A. Bartoli & E. Stracciati), 218. 

Solar Radiation as affected by Dust (A. 
Bartoli), 218. 
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Solders for Brass, Hard (R. Schwirkus), 


14. 

Solenoids, Induction Coefficients of (F. 
Himstedt), 312. 

Solidification, Heat from, in Solutions 
(O. Tumlirz), 768. 

Solid and Liquid States, Continuity of 
(W. Spring), 283. 

Solid, Motion of, in an Infinite Liquid 
(B. Trevisan), 748. 

Solid Particlesin Liquids, Forces between 
(W.J. A. Bliss), 3851, 352. 

Solids, Permeability of, to the Ether (L. 
Zehnder), 495. 

Solids, Solution of, in Vapours (P. Vil- 
lard), 277. 

Solubility and Electrolytic Dissociation 
(A. A. Noyes & C. G. Abbot), 
402. 

Solubility of Hydrated Mixed Crystals 
(W. Stortenbeker), 708. 

Solubility, Influence of Hydration on 
(N. Kurnakow), 332. 

Solubility of Metals in Mereury (Gouy), 
606. 

Solubility of some Organic Compounds 
in Carbon Bisulpnide at Low Tem- 
peratures (Arctowski), 639. 

Solubility, Rise in (H. Goldschmidt), 
493. 

Solubility of Salts in Organic Liquids 
(C. it. Linebarger), 282. 

Solubility of Solids in Water and Alco- 
hol (G. Bodlander), 602. 

Solubility of Superfused Substances (L. 
Bruner), 603. 

Solution, Change in Conductivity of, on 
addition of a New Conductor (N. 
Strindberg), 172. 

Solution and Crystalline State, Rotati- 
vity in (H. Traube), 426. 

Solution, Heat of (H. Jahn), 788. 

Solution, Heat of, Calculated from So- 
lubility (J. J. van Laar), 713. 

Solution of Solids in Vapours (P. Vil- 
lard), 277. 

Solution, Theory of, and Bizio (M. Bel- 
lati), 747. 

Solution, Thermochemistry of (E. Mon- 
net), 330. 

Solution, Volume of Substances in (J. 
Traube), 279. 

Solutions (P. Duhem), 109. 

Solutions (G. Charpy), 195. 

Solutions (L. de Boisbaudran), 688. 

Solutions, Aqueous, Dilatation of (C. 
Forch), 513. 

Solutions, Aqueous, Conductivity of, at 
4° (C. Déguisne), 78. 

Solutions, Aqueous, Volumes of Salts in 
(L. de Boisbaudran), 641. 
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Solutions of Calcium, Strontium, and 
Barium Salts, Conductivity of (A. C. 
MacGregory), 85. 

Solutions, Compressibility of (G. Tam- 
mann), 695, 


‘Solutions, Compressibility and Thermal 


Expansions of (G. Tammann), 127. 
Solutions, Concentrated, Change of Free 
Energy on mixing (W. Nernst), 96. 
Solutions, Concentrated, Freezing- 

Points of (R. Abegg), 211. 

Solutions, Corresponding (G@.Tammann), 
105. 

Solutions, Dilute, Conduction and Con- 
vection in (EK. Warburg), 396. 

Solutions, Dilute, Density of (KF. Kolhl- 
rausch), 753. 

Solutions, Dilute, Density of (F. Kohl- 
rausch & W. Hallwachs), 194. 

Solutions, Dilute, Freezing-Points of 
(W. Nernst & R. Abegg), 336. 

Solutions, Dilute, Freezing-Points of 
(M. Wildermann & P. B. Lewis), 
337. 

Solutions, Dilute, Lowering of Freezing- 
Point of, and Vapour-Pressure of (A. 
Ponsot), 339. 

Solutions, Dilute, and Osmotic Pressure 
(EB. Bouty), 534. 

Solutions, Dilute, Refraction and Density 
of (W. Hallwachs), 193. 

Solutions, Dilute, Volume Changes on 

_ Neutralising (G. Tammann), 274, 
275. 

Solutions, very dilute, Freezing-Point of 
(A. Ledue), 488. 

Solutions, very dilute, Lowering of 
Freezing-Point of (A. Leduc), 340. 
Solutions, Dissociation Theory of (A. 

Schlamp), 196. 

Solutions, Electrolytic Conductivity and 
Temperature of (G. Jager), 760. 

Solutions, Ethyl and Methyl Alcohol, 
Conductivities of (B. Vollmer), 79. 

Solutions of Finite Concentration, 
Osmotic Pressure of (‘T. Ewan), 267. 

Solutions, Fluorescence of (O. Kno- 
blauch), 428. 

Solutions, Freezing of, at Constant 
Temperature (A. Colson), 498. 

Solutions, Influence of Pressure on the 
Conductivity of (G. Tammann), 698. 

Solutions, Influence of Pressure on the 
Properties of (G. 'Tammann), 98. 

Solutions, Isotonic, determined by 
Centrifugalising Blood-Mixtures (S., 
G. Hedin), 537. 

Solutions, Resistance of (F. Kohlrausch 
& A, Heydweiller), 389. 

See Rotativity of (A. Aignan), 
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Solutions, Salt, between 100° and 150°, 
Volumes of (K. Zepernick & G. 
Tammann), 599. 

Solutions of Salts in Acetone, Conduc- 
tivity of (S. v. Laszezynski), 679. 

Solutions of Salts, Conductivity of (A. 
C. MacGregory), 391. 

Solutions of Sodium Chloride, Freezing- 
Point of (A. Ponsot), 338. 

Solutions, Sugar, Resistance of (Gin & 
Leleux), 458. 

Solutions, Surface-Tension of (V. Monti), 

24, 


Solutions, Transparency of (E. L. 
Nichols & M,C. Spencer), 362. 

Solutions, Vayour-Tensions of (M. L. 
Marchis), 22, 23, 

Solutions, Volumes of Salts in (L. de 
Boisbaudran), 403, 641. 

Solvent, Law of Solidification and 
Eyzporation of (F. M. Raoult), 54. 
Solyent, Lowering of Freezing-Point of 

(A. C. Jones), 192. 

Some Relations between Temperature, 
Pressure, and Latent Heat of Vapori- 
sation (C. B. Linebarger), 511. 

Some Values of the Magnetic Elements 
for Jan. 1, 1895 (TL. Moureaux), 243. 

Somigliana’s Paper on Hlasticity (G. 
Lauricella), 343. 

Sonnblick, Electrical Observations on 
(J. Elster & H. Geitel), 529. 

Sonnblick, Humidity on (J. Hann), 646. 

Sound, Propagation of, in Cylindrical 
Tubes (J. Violle & T. Vautier), 578. 

Sound, Velocity of (Aignan & Chabot), 
621. 


Sources of Error in very Sensitive 
Apparatus (H. Armagnat), 723. 

Spark-Gap, Microscopy of (G. 1. 
Hanchett), 524. : 

Sparking Distance (G. Jaumann), 526. 

Sparks, Electric, New kind of Rays in 
(EB. Wiedemann), 626. 

Sparks, Induction-Coil (G.T. Hanchett), 
462 


Sparks, Long, at the Surface of Water 
(A. Righi), 588. k 
Specific Gravity of Hydrogen Peroxide 

(W. Spring), 535. ; : 
Specific Heat and Boiling-Point of 
Carbon (J. Violle), 487. 
Specific Heat of Gases (S. Lussana), 57, 
58 


Specific Heat of Gases (H. Petrini), 
6. 
eee Heat of Gases at Constant 
Volume and Temperature, Ratio of 
(L. Boltzmann), 205. ; 
Specific Heat of Hydrogen Peroxide 
(W. Spring), 573. 


615 


Specific Heat of Mercury by the Method 
of Cooling (A. Bartoli), 762. 

Specific Heat of Mercury between 0° 
Pa 30° (A. Bartoli and E. Stracciati), 


Specific Heats of Air, Ratio of (G. 
Maneuvrier) 575, 777. 

Specific Heat of Saturated Vapour (BE. 
Mathias), 151. 

Specific Heat of Superfused Liquids (Lu. 
Bruner), 442. } 
Specific Heat of Superfused Salts (L. 

Bruner), 572. 
Specific Heat of Tungsten (A. W. 
Grodspeed & E. F. Smith), 287. 
Specific Heat of Water at Constant 
Volume (A. Bartoli & E. Stracciati), 


59. 

Specific Inductive Capacities(H. Pellat), 
392. 

Specific Inductive Capacities of Solid, 
and Refractive Indices of Fused Salts 
(L. Arons), 38. 

Specific Inductive Capacity, v. Capacity. 

Specific Inductive Capacity of Ice (A. 
Perrot), 181. 

Specific Resistances and Temperature- 
Coefficients of Copper-Zine Alloys 
(R. Haas), 66. 

Spectra of Argon (M. Berthelot), 478. 

Spectra, Fluted (A. Schuster), 500. 

Spectra, Gas (F. Paschen), 29. 

Spectra of the Gas from Oléveite and of 
the Solar Atmosphere (H. Deslan- 
dres), 614. 

Spectra, Heat (E. Carvallo), 373. 

Spectra of the Planets (H. CO. Vogel), 
436. 

Spectra of Planets, Deduction of Mo- 
tion from (H. Deslandres), 298, 299. 

Spectrobolometric Observations on the 
Emission and Absorption of Steam 
and Carbon Dioxide (I. Paschen), 
27. 

Spectrochemistry of Nitrogen (J. W. 
Brihl), 539. 

Spectroheliograph (J. Scheiner), 133. 

Spectrophotometer, New (A. Konig), 
142. 


Spectroscope (CO. Pulfrich), 132. 

Spectroscope-Stand, Double-movement 
(F, L. O. Wadsworth), 131. 

Spectroscopes, Various, and Spectro- 
heliograph (J. Scheiner), 133. 

Spectroscopical Observations of Saturn’s 
Rings (H. Deslandres), 503. 

Spectrum-Absorption of Oxygen (J. 
Janssen), 560. 

Spectrum-Absorption of Water and the 
Tissues of the Eye (H. Aschkinass), 
CMe 
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Spectrum Analysis of Gases evolved 
from various Minerals (N. Lockyer), 
558. 

Spectrum Bolometry (F. Paschen), 31. 

Spectrum Bolometry, Paschen’s (K. 
Angstrom), 30. 

Spectrum of the Glow-Lamp, Distri- 
bution of Energy in (H. Nichols), 
307. 

Spectrum of Helium (C. Runge & F. 
Paschen), 569, 

Spectrum of Pure Carbon (H. Des- 
landres), 565. 

Spherical Reflectors for Are-Lights (A. 
Nodon), 591. 

Spheroidal State and Capillarity (E. 
Gossart), 745. 

Spongy Metal Electrodes for Gas Bat- 
teries (L. Cailletet & Collardeau), 
189. 

Spreading Current, Resistance to, and 
Polarisation of Small Electrodes (K. 
R. Koch & A. Wiillner), 158. 

Spring-Fuess Barograph (i. Scheel), 
370. 

Standard Barometer (K. R. Koch), 551. 

Standard Cells (K. Kahle), 87, 88. 

Standard Lamp (Violle), 557. 

Standards, Photometric Errors in (KE. 
Liebenthal), 501. 

Standard Thermometers (J. Pernet, W. 
Jaeger, & E. Gumlich), 440. 

Standard Wave-lengths (A. A. Michel- 
son), 137. 

Stand, Spectroscope, Double-Movement 
(#. L. O. Wadsworth), 131. 

Static and Dynamic Discharge Poten- 
tials (EH. Swyngedauw), 627. 

Static and Dynamic Potentials (R. 
Swyngedauw), 634. 

Steam and Carbon Dioxide, Spectro- 
bolometric Observations on the Emis- 
sion and Absorption of (Ff. Paschen), 
27, 29, 30, 31, 33, 55. 

Steel Magnets, Demagnetisation in (H. 
J. Houston & A. E. Kennelly), 597. 
Steel, Mild, Permeability of (D. C. 

Jackson), 393. 

Steel, Tempering of (G. Charpy), 415. 

Stefan’s Calorimeter, Theory of (W. 
Kutta), 126. 

Stereoscopic Projections and Lanterns 
(Moéssard), 502. 

Sterilisation of Drinking-Water by 
Electrolysis (G. Oppermann), 313. 
Stochiometry of the Velocities of the 

Ions (G. Bredig), 106. 

Straight Line, Link-work for describing 
a (R. Bricard), 212. 

Stressed Solid in its Liquid, Hquili- 
brium of (1. Riecke), 414. 


Stresses produced in a Continuous Gir- 
der owing to Differences of Tempe- 
rature between the Flanges (Deslan- 
dres & M. Lévy), 699. 


Strontium Salts, Conductivity of Solu- 


tions of (A. OC. MacGregory), 85. 
Studies of Gas Batteries (H'.J.Smale),80. 
Study of Gas Reactions by Volume 

Alteration (M. von Recklinghausen), 

99: 

Sugar Solutions, Resistance of (Gin & 
Leleux), 458. 

Sulphides, Fused, Electrochemistry of 
(J. Garnier), 315. 

Sulphurétted Hydrogen, Absorption Co- 
efficient (K. Prytz & H. Holst), 198. 
Sulphuric Acid, Hlectrolytie Conduc- 

tivity of (K. KH. Guthe & L. J. Briggs), 

725. 

Sulphur, Rate of Oxidation of (T. 
Ewan), 476. 

Sulphur, Refractive Equivalent of (R. 
Nasini & G. Carrara), 648. 

Sulphur Solutions, Refractive Index of 
(V. Berghoff), 222. 

Superficial Tension of Polarised Mer- 
cury (O. Wiedeburg), 199. . 

Superfused Liquids, Specific Heat of 
(l. Bruner), 442. 

Superfused Salts, Specific Heat of (L. 
Bruner), 572. 

Superfused Substances, Solubility of (L. 
Bruner), 603. 

Supports for Instruments, Vibrationless 
(W. Hinthoven), 735. 

Supports for Instruments, Vibraticnless 
(W. H. Tulius), 704. 

Supposed Anomaly of the Conductivity 
of Aqueous Solutions at 4° (C. Dé- 
guisne), 78. 

Surface of Separation of two Dielectrics, 
Force acting at (H. Pellat), 178. 

Surface-Tension of Hydrogen Peroxide 
(W. Spring), 535. 

Surface-Tension of Mercury in Capil- 
lary Tube (G. Quincke), 21. 

Surface - Tensions of Solutions (VY. 
Monti), 124. 

Symmetrical Radiometer (G. Seguy), 
427. 

Symmetry in Physical Phenomena (P, 
Curie), 25. 

Synodic and Anomialistic Revolutions 
of the Moon, aud Barometer Ourves 
in Spring (A. Poincaré), 744. 


Systems, Cyclic, Rotation of a Body, 


with (V. Volterra), 759. 


Telephone Wires, Disturbances in, near 
Alternating Currents (M. Pierard), 
259. 


i 
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Telephone Bridge, Induction Tests by 
(H. Abraham), 380. i 

Telescope (K. Strehl), 136. 

Telescope full of Water, Aberration 
observed with a (H. Pellat), 233. 

Telescope, Reflecting, Objective for (C. 
V. Zenger), 368. 

Telethermometer, Mercurial (M. Es- 
chenhagen), 123. 

Temperature, Absolute, Comparison of, 
with Thermometer Scales (lL. Houl- 
levigue), 447. 

Temperature, Aosolute, Determination 
of (L. Boltz:nann), 149. 

Temperature of Change of Allotropic 
Form, Efvect of Pressure on (S. Lus- 
sana), 298. 

Tempereture-Coefficients for Ethereal 
Salts (A. Bartoli), 200. 

Temyerature-Coefficient of a Magnet 
(©. Chistoni), 470. 

Témperature-Coefficients and Specific 

_ Resistance of Copper-Zine Alloys (R. 
Haas), 66. 

Temperature and Conductivity of Aque- 
ous Solutions (G. Jager), 760. 

Temperature, Critical, of Hydrogen, 
659. 

Temperature, Critical, v. Critical Tem- 
perature. 

Temperature, Effect of, on the Discharge 
of a Conductor (A. Oberbeck), 463. 
Temperature, Effect of, on the Magnetic 
Properties of Bodies (P. Curie), 

593. 

Temperature of the Electric Arc (J. 
Violle), 188. 

Temperature Function, Ratio of Dimi- 
nution of Section to Longitudinal 
Strain as a (A. Bock), 50. 

Temperature in Geissler ‘Tubes (E. War- 
burg), 319. PP 

Temperature, Influence of, on Dissocia- 
tion of Acids (H. Jahn), 400. 

Temperature, Influence of, on the Hlec- 
tric Conductivity of Bismuth (J. B. 
Henderson), 268. 

Temperature, Influence of, on the Trans- 
parency of Solutions (E. L. Nichols & 
M. C. Spencer), 362. y : 

Temperature, Influence of, on Viscosity 
of Benzol and Ethyl Ether (A. Heyd- 
weiller), 666. 

Temperature of Metal Bars (H. Stadt- 
hagen), 668. eciic, 

Temperature Minima of this Winter on 
Mont Blanc (J. Janssen), 421. 

Temperature, Minimum, of Visibility 
(P. Pettinelli), 429. 
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Temperature, New Method of Measur- 
ing (D. Berthelot), 439. 

Temperature, Pressure, and Latent 
Heat of Vaporisation (O. E. Line- 
barger), 511. 

Temperature, Rise of, in Working 
Muscle (A. Chauveau), 571. 

Tempering of Steel (G. Charpy), 415. 

Terrestrial Magnetism, Distribution and 
Secular Variation of (L. A. Bauer), 
726, 791. 

Terrestrial Magnetism, Gaussian Poten- 
tial Theory of (L. A. Bauer), 
472. 

Terrestrial Magnetism, Variations of 
(L. A. Bauer), 248. 

Tesla’s Experiments, Electrical Vibra- 
tions in (A. Oberbeek), 680. 

Testing Magnetic Properties of Iron 
(W.S. Franklin), 587. 

Testing Quartz Plates (B. Brunhes), 
138. 

Test of Purity, v. Critical Temporature. 

Tests of “ Instantaneous” Shutters (K. 
R. Koch), 556. 

Tests of a Spring-Fuess Barograph with 
Rolling Weight (K. Scheel), 370. 

Thallium, Melting, Volume-Change of, 
and Thermal Dilatation of the Liquid 
produced (G. Pacher), 755. 

Theodolite, Photo- (O. Ney), 298. 

Theory of Capillary Electrometer (K. 
Schreber), 155. 

Theory of Dispersion (R. Reiff), 637. 
Theory of Electrical and Optical Phe- 
nomena in connection with movin 

bodies (H. A. Lorentz), 263, 316. 

Theory of Electrolysis (A. H. Bucherer), 
375. 

Theory of Electrolytic Dissociation (8S. 
Tanatar), 378. 

Theory, Electromagnetic (EH. Ketteler), 
764. 

Theory of Gases and Liquids (G, 
Bakker), 153, 697. 

Theory of the Influence Machine with 
oppositely Rotating Dises (W. 
Holtz), 249. 

Theory of the Perception of Colours (G. 
Darzens), 616. 

Theory of Soluticn and Bizio (M. Bel- 
lati), 747. 

Theory of Stefan’s Calorimeter (W. 
Kutta), 126. 

Theory of the “Transition” Battery 
without Metastable Phase (J. H. van’t 
Hoff, E. Coben, G. Bredig), 460. 

Thermal Capacities of Water (A. Ma- 
naira), 663. 
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Thermal Conduetivity of Copper (R. W. 
Quick, C. D. Child, B. 8. Lanphear), 
489. 

Thermal Conduetivity of Copper at 
Low Temperatures (R. W. Quick & 
B.S. Lanphear), 658. 

Thermal Hffects in Electrolysis (A. Cam- 
petti), 111. 

Thermal Expansions and the Compres- 
sibility of Solutions (G. Tammann), 
127. 

Thermal Properties of Vapours (A. Bat- 
telli), 374, 444, 774. 

Thermal Radiation at Low Tempe- 
ratures (R. Pictet), 446. 

Thermochemistry of Solution (I. Mon- 
net), 330. 

Thermodynamical Proof of Van der 
Waals’ Equation for Liquids and 
Gases (G. Bakker), 154. 

Thermodynamic Correspondence, Law 
of (J. De Kowalski), 56. 

Thermodynamic Interpretation of Max- 
well’s Law (L. Natanson), 52. 

Thermodynamic Potential (E. Bel- 
trami), 662. 

Thermodynamic Potential for a Hete- 
rogeneous System, and Application to 
Van der Waals’ Theory and the Law 
of Boiling-Points (E. Riecke), 48. 

Thermodynamics of Capillarity in case 
of Continuous Variations of Density 
(J. D. Van der Waals), 147. 

Thermodynamics of Galvanic Polari- 
sation (H. Jahn & O. Schénrock), 
323. 

Thermodynamics, 
Saussure), 308. 

Thermodynamics 
Riecke), 49. 

Thermodynamics of Molecular Pressure 
(G. Bakker), 53. 7 

Thermodynamic Lheory of Capillarity, 
Van der Waals’ (W. Sutherland), 
703. 

Thermoelectric Cells of Metals and Salt 
Solutions (A. Hagenbach), 93. 

Thermoelectricity of Chemically-Pure 
Metals (K. Noll), 161. 

Thermoelectricity of Electrolytes in the 
Solid State: Influence of a Molecular 
Transformation (8. Lussana), 114. 

Thermoelectric Power and Elongation 
of Magnetised Iron (P. Bachmetjew), 
580. 

Thermoelectric Properties of Platinoid 
and Manganin (B. O. Peirce), 166. 
Thermo-Element, Measurement of High 

Temperatures with (J. McCrae), 514. 


Graphical (R. de 
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Thermometer, Mercury, Corrections of 
(C. E. Guillaume), 619. 

Thermometer Scales, Comparison of, 
with Absolute Temperatures (L. Houl- 
levigue), 447. 

Thermometers, Comparison 
Grutzmacher), 576. 

Thermometers, High-temperature (A. 
Mahlke), 148. 

Thermometers, Mercury, High-tempe- 
rature (A. Mahlke), 150. 

Thermometers, Metastatic (Scheurer- 
Kestner), 770. 

Thermometers, Standard (J. Pernet, W. 
Jaeger, & E. Gumlich), 440. 

Thermometer with a Platinum Bulb 
(LL. Marchis), 309. 

‘Thermopiles for Meteorology (P. Czer- 
mak), 746. 

Three-Phase Circuit, Fall of Potential 
of (J. Rodet), 718. 

Tides, Curve-Tracer for (A. Faidiga), 
553. 

Time Measurements, Astronomical (G. 
Lippmann), 345. 

Tornados, Air-Currents in (H. Faye), 
422. 

Torpedo, Electric Discharges of (d’Ar- 
sonval), 671. 

Torsional Vibrations, Observations of 
(R. W. Wood), 694. 

Torsional Vibrations of a Wire (G. 
Berson & H. Bouasse), 217. 

Total Kelipse of the Moon of March 11, 
1895 (J. Janssen), 355. 

Total Reflection, Optical Thin Plate in 
the case of (C. Fabry), 294. 

Transformer (C. P. Steinmetz), 732. 

Transformer Circuits, Resonance in (F, 
Bedell & A. O. Crebore), 528. 

Transformers, Phasing (C, 8. Bradley), 
729. 

“Transition” Battery, Theory of (J. H. 
vant Hoff, E. Cohen, & G. Bredig), 
460. 

Transition Cells, and a new method of 
using them (EK. Cohen & GC. Bredig), 
174. ; 

Transition Points determined by the 
Electrical Method (A. E. Baur), 793. 

Transition Points, Estimation of, by an 
Electrical Method (KE. Cohen), 173. 

Transition Temperature of Orystallised 
Sodium Sulphate (J. Verschaffelt),264. 

Transmission of Energy, Law of (M. 
Vaschy), 244. 

Transmission of Solar Radiation as 
affected by Atmospheric Dust (A. 
Bartoli), 218. 
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Transparency of Solutions (BE. L. 
Nichols & M. C. Spencer), 362. 

Transparent Substances, Diathermaney 
of (M. Aymonnet), 232. 

Trouton’s Law of Molecular Latent 
Heat applied to the Fatty Alcohols 
(M. W. Louguinine), 269. 

Tungsten, Specific Heat of (A. W. 
Grodspeed & KR. F. Smith), 287. 

Tuning-Fork, Vibrations of, in a Mag- 
netic Field (Maurain), 628. 

Two Graphic Methods of Counting 
Beats, and « Microphonic Capsule 
(F, Campanile), 622. 


Ultra-Vielet Absorption (H. Nichols), 
305. 

Ultra-Violet Rays of the Corona: Total 
Eclipse of April 16, 1893 (H. Des- 
lendres), 371. 

Ulcra-Violet Wave-lengths, Aluminium 

» (C. Runge), 765. 

‘Underground Metal-work, Electrolytic 
Corrosion of (G. P. Low), 324. 

Unipolar Induction (HE. Lecher), 469. 

United States, Wind Velocities in (F. 
Waldo), 492. 

Units of Light and Radiation (A. Mac- 
farlane), 304. 

Universal Focometer (M. Weiss), 301. 

Use of Tubes of File Dust in the Study 
of Electrical Interference (E. Branly), 
589. 

Utilisation of the Critical Point of 
Liquids for the Confirmation of their 
Purity (R. Pietet), 214. 


Vacuum-tubes, Afterglow in, and In- 
cipient Incandescence (C. Kirn), 40. 
Valency and Atomic Weight (C. J. 
Reed), 642. 
Valency of Mercury in Solutions of its 
Salts (W. Bolton), 640. : 
Validity of Kirchhoff’s Law of Emission 
(F. Paschen), 28. my 
Van der Waals’ Equation for Liquids 

and Gases (G. Bakker), 154. 

Van der Waals’ Equation, Function @ 
in (G. Bakker), 125. 

Van der Waals’ Theory, Application of 
Thermodynamic Potential of Hetero- 
geneous System to (E. Riecke), 48, 

Van der Waals’ Thermodynamic Theory 
of Capillarity (W. Sutherland), 703. 

Vaporisation, Internal Heat of (KH. 
Mathias), 151. 

Vaporisation, Latent Heat of (M.Berthe- 
lot), 372. 
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Vaporisation, Temperature, Pressure, 
oe Latent Heat of (0. E. Linebarger), 

Vapour, Density of Saturated, and the 
Law of Solidification and Evapora- 
tion of the Solvent (F. M. Raoult), 
54. 

Vapour-Pressure of Dilute Solutions 
(A. Ponsot), 339. 

Vapour-Pressures of Water, Ice, and a 
Freezing Saline Solution, Relation 
between (A. Ponsot), 118. 

Vapour, Saturated, Specific Heat of (EB. 
Mathias), 151. 

Vapour, Saturation-Pressure of, in an 
Electric Field (A. Sokolow), 290. 

Vapour-Tension of Hydrated Crystals 
(C. E, Linebarger), 24. 

Vapour-Tension, Measurement of (G. 
W. A. Kahlbaum), 11. 

Vapour-Tensions of Solutions (I. 
Marchis), 22, 23. 

Vapours, Saturated, Density of (G. 
Bauer), 512. 

Vapours, Solution of Solids in (P. Vil- 
lard), 277. 

Vapours, Thermal Properties of (A. 
Battelli), 374, 444, 774. 

Variations of Dimensions of Iron, 
Nickel, and Cobalt when Magnetised 
(H. Nagaoka), 63. 

Variation of Relative Humidity, Double 
Diurnal (A. Angot), 754. 

Variation of Relative Humidity, Diurnal 
(D. Eginitis), 754. 

Variations, Secular, of Terrestrial Mag- 
netism (L. A. Bauer); 248, 726, 791. 
Velocities among Molecules of a Gas, 
Maxwell’s Law of the Distribution of 

(L. Boltzmann), 205. 

Velocities of the Ions (A, Campetti), 
401. 

Velocities of the Ions, Stochiometry of 
(G. Bredig), 106. 

Velocity of Electric Waves (J. Trow- 
bridge & W. Duane), 473, 776. 

Velocity of Projectiles (A. C. Crehore & 
G. O. Squier), 652. 

Velocity of Sound (Aignan & Chabot), 
621. 

Venus (Perrotin), 749. 

Verification of Clapeyron’s Fusion For- 
mula (De Visser), 438. 

Vibration Galvanometer (H. Rubens), 
778. 

Vibrationless Supports for Instruments 
(W. Hinthoven), 705. 

Vibrationless Supports for Instruments 
(W. H. Julius), 704. 
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Vibrations, Electric, in Tesla’s Experi- 
ments (A. Oberbeck), 680. 

Vibrations of a non-Simple Hertzian 
Oscillator (J. v. Geitler), 683. 

Vibrations, Torsional, Observation of 
(R. W. Wood), 694. , 

Vibrations, Torsional, of a Wire (G. 
Berson & H. Bouasse), 217. 

Vibrations of a Tuning-fork in a Mag- 
netic Field (Maurain), 628. 

Villari Point in Nickel (A. Heydweiller), 
73. 

Viscosity of Benzol and Ethyl Ether, 
Influence of Temperature on (A. 
Heydweiller), 666. 

Viscosity and Conductivity of Amalgaimns 
(E. R. v. Schweidler), 702. 

Viscosity and Conductivity of Electro- 
lytes (V. Monti), 113. 

Visibility, Minimum Temperature of 
(P. Pettinelli), 429. 

Volcanic Rocks, Magnetism of (G. 
Folgheraiter), 733. 

Voltameter, Silver, Effect of Dissolved 
Gases on (J. E. Myers), 682. 

Voltmeters and Ammeters (R. Arnoux), 
456. 

Volume-Change of melting Thallium 
(G. Pacher), 759. 

Volume-Changes on neutralising Dilute 
Solutions (G. Tammann), 274, 275. 
Volume of Substances in Solution (J. 

Traube), 279. 

Volumes of Aqueous Salt Solutions be- 
tween 100° and 150° (K. Zepernick 
& G. Tammann), 599. 

Volumes of Salts in Aqueous Solutions 
(L. de Boisbaudran), 403, 641. 

Vortex Motions in Air (G. Quincke), 8. 


Water, Absorption Spectrum of (EH. 
Aschkinass), 711. 

Water and Alcohol, Solubility of Solids 
in (G. Bodlander), 602. 

Water in Atmosphere of Mars (J. 
Janssen), 647. 

Water, Characteristic Equations of, and 
Thermal Capacities of (A. Manaira), 
663. 

Water, Density of, at 4° C. (J. Macé 
de Lépinay), 357. 

ye Dilatation of (S. de Lannoy), 
419. 

Water, Dissociation of (W. Nernst), 
103. 

Water, Electric Constants of (G. G. 
de Villemontée), 630. 

Water, Electrolytic Decomposition of 
(Le Blanc), 169. 
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Water and Ethyl Alcohol, Specific In- 
ductive Capacity of (W. O. Rontgen), 
Gide 

Water, Long Sparks at the Surface of 
(A. Righi), 583. 


' Water, Pure (F. Koblrausch & A. Heyd- 


weiller), 1. 

Water, Purification of, by Electrolysis 
(G. Oppermann), 313. 

Water, Specific Heat of, at Constant 
Volume (A. Bartoli & E. Stracciati), 
59. 

Water Surfaces, Abnormal Refraction 
over (C. Dufour), 661. 

Waters, Coloured, of the Gruttoes of 
Capri, of Ice-hoilows in Switzerland, 
and of Yellowstone Park (H. W. 
Vogel), 128. 

Waters, Mineral, Argon and Heliun 
in (CO. Bouchard), 740. 

Waterspouts, Air-Currents in (H. Faye), 
422. 

Wave-lengths on Iron Wires (C. E. 
St. John), 164. 

Wave-lengths, Standard (A. A. Michel- 
son), 137. 

Wave-lengths, Ultra-Violet, Aluininium 
(C. Runge), 765. 

Wave-lengths of Water and Carbon 
Dioxide (F. Paschen), 33. 

Waves, Electric, Absorption and Emis- 
oe of, by Resonance (M. Planck), 
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For v?Kf(v), Abstract 129, read v?K(v). 
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For Poulkowo (Abstract 423) read Poulkovo. 
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For different rates of vibration-polarisation (Abstract 471, page 286) read 
different rates of vibratory polarisation. 


For oscillating in character (Abstract 474) read oscillatory in character. 


Tn line 3 of Abstract 682, for oxygen read air, and delete the last sentence on 
p. 416. 


WILLIAMS AND NORGATE, 


14 HENRIETTA SIREET, COVENT GARDEN, LONDON; 
20 SOUTH FREDERICK STREET, EDINBURGH; 
AND 7 BROAD STREET, OXFORD, 


IMPORTERS OF FOREIGN SCIENTIFIC BOOKS, 
keep the Largest Stock of Foreign Books in the Kingdom. 


Assmann (K.). Kosmische Physik. (Fortschritte der Physik. 1893. Vol. LI.) 


8vo. Braunschweig, 1895. 2ds. 
Bornstein (R.). Physik des Aethers. (Fortschritte der Physik. 1893. II.) 
8vo., Braunschweig, 1895. 3Us. 


Dressel (L.). Elementares Lehrbuch der Physik, nach den neusten Anschau- 
wigen. Fir héhere Schulen und zum Selbstunterricht. 402 figures. 8vo, Freiburg, 


7895. 7s. 6d. 
Esfaunié (E.). Le Sources d’Energie électrique. LINustrated. 8vo. Paris, 

/ 1896. 4s. 
Jfleischmann (L.). Strémung der Elektricitiéit in Rotationsflachen.  8vo. 
Vienna, } 805. 6d. 
/ Frick’s (J.) Physikalische Technik. 8th Edit. Vol. II. WUlustrated. 8vo 
Braunschweig, 1895. 20s. 
Gérard (F.). Mesures électriques. Legons professées 4 1’Institute Oectrotech- 
nique Montefiore. 198 figures. 8vo. Paris, 1895. Cloth, 10s. 
Graetz (L.). Compendium der Physik. 2nd revised Edition. 8vo. Leipzig, 
1895. 7s. 


Griesbach (H.).  Physikalisch-chemische Propadeutik unter besonderer 
Bericksichtigung der medicinischen Wissenschaften und mit historischen und 


biographischen Angaben. 1. Halfte. figs. 8vo. Leipzig, 1895. 6s. 
Imbert (Armand). Traité élémeutaire de physique biologique. Avec 399 
figures dans le texte et une planche colorée. 8vo. Paris, 1899. 13s. 6d. 
Journal de Physique théorique etappliquée. 1872 to 1894. 28 vois. in 
19 ; neatly bound in half roan. £13. 
Leduc (A.). Manipulation de Physique, avec 144 figures intercalées dans le 
texte. Sve. Paris, 1895. 5s. 
Memoirs and Journal of the Chemical Society. 1845 to 1804. A complete 
set in 58 vols., neatly bound in half calf. £50. 


Voigt (W.). Kompendium der theoretischen Physik. In 2 vols, Vol. I. 8vo. 
Leipzig, 1895. 14s, 


JUST OUT. POST FREE ON APPLICATION. 


Williams & Norgate’s Scientific Book Circular. No. 62. A classified 
list of New Books and New Purchases. 


WILLIAMS AND NORGATE, 


14 HENRIETTA STREET, COVENT GARDEN, LONDON ; 
290 SOUTH FREDERICK STREET, EDINBURGH ; 
and 7 BROAD STREET, OXFORD. 


\ 


CAMBRIDGE UNIVERSITY PRESS. 


The Scientific Papers of the late Prof. J. Clerk Maxwell. Edited by 
W. D. Niven, M.A., formerly Fellow of Trinity College. In2yols. Royal 4to. £3 3s. net. 


Mathematical and Physical Papers. By Lord Krivry (Sir W. THomson), 
LL.D., D.C.L., F.R.S., Professor of Natural Philosophy in the University of Glasgow. Collected 
from different Scientific Periodicals from May 1841 to the present time. Demy 8vo. Vol. I., 188. 
Vol. II., 15s. Vol. IIL., 18s. 

Mathematical and Physical Papers. By Sir G. G. Sroxns, Sce.D., LL.D., 
F.R.S., Lucasian Professor of Mathematics in the University of Cambridge. Reprinted from the 
Original Journals and Transactions, with Additional Notes by the Author. Demy 8vo. Vol. L., 

l6s; Vol. 1b... los. (Vol. ILL. in the Press. 


A Treatise on Analytical Statics. By KE. J. Rourn, Se.D., F.R.S., Fellow 
of he Daieraty of London, Honorary Fellow of Peterhouse, Cambridge. Demy 8vo, Vol. I., 
lds. Vol. IL., lus, 


A Treatise on the Mathematical Theory of Elasticity. By A. E. H. 
MT a Fellow of St. John’s College, Cambridge. 2 Vols. Demy 8vo. Vol. I., 12s. 
Vol. II., 12s. 


History of the Theory of Elasticity, and of the Strength of Materials, 
from GALILEI to the PRESENT TIME. By the late I. TopuHunTer, Sc.D., F.R.S. Edited 
and Completed by Prof. Kari Prarson, M.A. 

Vol. I, GALILEI to SAINT-VENANT, 1639-1850. Demy 8vo, 25s. 
Vol. II, SAINT-VENANT to LORD KELVIN (Sir William Thomson). Demy 8vo, 
in 2 Parts. 30s. 

Hydrodynamics. By Horacn Lams, M.A., F.R.S., formerly Fellow of Trinity 
College, Cambridge, Professor of Mathematics in the Owens College, Manchester. Demy 8vo. 
20s, net, 

Extract from Preface—‘ This book may be regarded as a second edition of a Treatise on the 
Mathematical Theory of the Motion of Fluids, published in 1879: but the additions and alterations 
are so extensive that it has been thought proper to make a change in the title,” 

Electricity and Magnetism. By J.J. THomson, M.A., Cavendish Professor 
of Experimental Physics in the University of Cambridge, Crown 8vo, [In the Press. 


The Steam-Engine and other Heat Engines. By J. A. Ewine, M.A., 
F.R.S., M.Inst.C.E., Professor of Mechanism and Applied Mechanics in the University of Cam- 
bridge. Demy 8vo, with Illustrations, lds. 

Engineering Record, New York,—‘ Prof. Ewing’s treatise furnishes a valuable addition to the 
literature of heat engines. . . . The matter is presented in well selected and attractive language, and 
what would otherwise be dry reading 1s made unusually interesting . . . . On the whole, Prof. Ewing 
has brought out a treatise which is admirable, so far as its scope extends. Its applications are mainly 
on the lines of English practice, and naturally so; but its exposition of the principles of steam- 
working are sound, and they will prove of undoubted assistance to every engineering student, whether 
American or English,” 

A Treatise on Elementary Dynamics. By 8. L. Lonny, M.A., Fellow of 
Sidney Sussex College. Second Edition, enlarged. Crown 8vo, 7s. 6d. Solutions to the 
Examples, 7s. 6d. 

“This is one of the best and most complete treatises on elementary dynamics which have come 
before us for along time. The principles of the subject are stated with great clearness, and the 
illustrative examples are very appropriate.”— Atheneum. 

A Treatise on Elementary Hydrostatics. By J. Grravus, M.A., Fellow 
and Lecturer of Christ’s College, Cambridge. Crown 8yo, 5s. 

“A brief examination of this treatise is sufficient to allow us to form a favourable opinion of its 
contents, Nearly every proposition or description shows that the author is a thorough master of his 
subject, and, what is also of equal importance, can impart his knowledge to his readers in language 
both concise and fresh.”—Nuature. 


CAMBRIDGE NATURAL SCIENCE MANUALS. 
PHYSICAL SERIES. 


General Editor—R, T, GLAZEBROOK, M.A., F.R.S., Fellow of Trinity College, Cambridge, 
Assistant Director of the Cavendish Laboratory. 
Mechanics and Hydrostatics. An Elementary Text-book, Theoretical and 
Practical, for Colleges and Schools. By R. T. GLAZEBROOK, M.A., F.R.S. Crown 8yo. 
Part I. DYNAMICS. 4s. Part II. STATICS. 3s. Part IL1. HY DROSTATICS (nearly ready). 
Educational Review.—“ In detail it is thoroughly sound and scientific. The work is the work of a 
teacher and a thinker, who has avoided no difficulty that the student ought to face, and has, at the 
same time, given him all the assistance that he has a right to expect. We hope, in the interests both 
of experimental and mathematical science, that the scheme of teaching therein described will be 
widely followed.” , 
Heat and Light. By R. T. Grazesroox, M.A., F.R.S. Crown 8vo. 5s. 
And separately, HEAT, 3s.; LIGHT, 3s. 
Nature.—‘ Teachers who require a book suitable for the class-room and the laboratory would do 
well to adopt Mr, Glazebrook’s work.” 


London: C. J. CLAY & SONS, 
Cambridge University Press Warehouse, Ave Maria Lane. 


INDEX TO ABSTRACTS. 


GENERAL PHYSICS, 


Page 
~ 443. Meteorites. -H. Moissam ......:i.sccscesesersesvesseassesvvedsisanesushest eeneeenOL 
744. Synodic and Anomalistic Revolutions of the Moon and Barometer- 
Curves in: Spring. “24. Poincaré ss .s ees. s is secdkcaseRodactaneenc ks 457 
745. Spheroidal State and Capillarity. HE. Gossard .....c.e.ccseocesssnseecsnsees 458 
746. Thermopiles for Meteorological Instruments.. P. Czermak ............ 459 
747. Bizio and the Theory of Solution, M. Bellati ...sccccccessesscseseecssee 459 
748. Problem of the Motion of a Solid in an Infinite Liquid. #. Trevisan. 461 
749. Mounier Observatory; Venus. Perrotin .::.00.sé0e0.. ia }ieltecesescces hes 461 
750. Elastic Properties of Metals. M. Cantome .......cc.cceccsesescecssecssteve 462 
751. Coalescence observed in Soft Crystals. O. Lehmann .......e.csceseee.ess 462 
752. Apparatus for the Determination of Molecular Weights, by the 
Boiling-Point Method. W. R. Orndorff §& F. K. Cameron).....0..... 463 
753. Density Determinations of Extremely Diluted Solutions. F. Kohi- 
POUSCMG s,s seweoboncesss Sesanecncs Nt ak See Re Se oe ., 463 
754, Diurnal Variation of Relative Humidity. D. Hyinitis. Double 
Diurnal Oscillation of Relative Humidity. A. Angot......cc...c10c00 464 
755. Change of Volume of Thallium in the act of Fusion, and the Thermal 
Zs Dilatation of the Liquid produced. G. Pacher ...ce.ccccesecscseuesets 465 
756. Elastie Hysteresis of Metals, MM. Camtone ..ecciccsecseccsescreecaseceeeues 465 
757. Evaporation and Theories of Capillarity. G. Van der Mensbriigghe . 466 
758. Mont Blanc Observatory. Ji Jamssem vecce.cssseneccecceceva seceeetseazeeee 466 
759- Rotation of a Body within which exist Cyclic Systems. V. Volterra. 467 
760. Electrolytic Conductivity of Aqueous Solutions; its Connection with 
fhe Demsperdtures: Fai Gger’ \. nsw wu. csezececcospovnssnes > ticsener ss <vaase 467 
LIGHT. 
761. Achromatic Interference.  W. Konig. ......c.06.50. veseneeeeersecuneecen ees 468 


762, Electro-optical Researches with Polarised Light. . J. Elster § H. Geitel 468 : 
763. Anomalous Dispersion of Solid Fuchsin and other Dye-stuffs. 4. 

Pfleger ciseccccccccenccannnebeccnesenssunsnstecacscs sens sens ereteerategessenantée 469 
764, Equations of the Electromagnetic Theory of Light derived from the 

Data of Optical Experiments with Orystals. £. Ketteler ............ 470 
765, Ultva-Violet Aluminium Wave-lengths. C. PURGE ee kaa we Meeeeng ons 470 
766, Accuracy attainable in Actinometric Observations, &. Savélief ...... 470 
767. Fluorescence of Organic Compounds in the Gaseous, Liquid, and 


Solid States. E. Wiedemann & G. C. Schmidt.......ccseceBeccee 471 


{ Continued over-leaf, 


INDEX (continued). 


HEAT. 


S Page» 
768. Heat from Solidification in Solutions. .O, Tumlirz ...ccscesssesee Pao 
769. Specific Heat. of Mercury obtained by the. Method of Oooling. 
SAD Rano Ges ad ON ee ae Pe ee 474 
770. Correction of Metastatic Thermometers. Schewrer-Kestner ....., sires 476 
771. Determining High Temperatures. —L. Holborn § W, Wien .......2.... 476 
772. Cooling Action of Currents of Air. A. OBerbe0h ...sesccesssscssseen 478 
773. Determination of Ratio of the Specific Heats of Air. G. Manewurier 478 
774. Phermal Properties of Vapours. 4. Battellt ccs iccvscyccyencvevertinnes tes 478. 
ELEOTRIOITY. 
775. Effects of “ Distributed Capacity” in Wire Coils. A, 8. Kimball... 480. 
776. Velocity of Electric Waves. J; Trowbridge § W. Duane....c.cc0i+«. 480 
777. Sensibility of Galvanometers.. W. DM. Stime ceccecccssecceeseesernes tenes 481 
778. Vibration Galvanometer. 2, Rubens ....icccvecccdocusvonvessnsecccncessies 481 
779.. Determination of Self-Induction Bate es Ritoraing Currents._ , 
TORO GORS..\ sos cxaphots tnae terion edo Res gestae ene Eig 481 
780. Methods for Studying Currents in Open Circuits and Displacontont 
Currents in Dielectrics. W. De Nikolaieve .icceccsuceeuessesenes aera 482 
751. Polarisation of Thin Metallic Membranes. A. Liggin......cc.cccsceees A82 
782. Use of a Ballistic Galvanometer when the Discharge through it is not - 


Instantaneous, P. Weiss....0.......4 Bi oKC eis Beats tpn i eS de AGS 


. Convenient Demonstration of the Electric Index of Refraction of 
Liquids. PAV UDOR TS Se Fea DERN oS SM OCR Laken RES 483 


784. Electric Resistivity of Meee different Diclestries. Gr. Grimaldi S 

Gis PLUGGING Z Sasso ad dehy A Bete ons led Sateen Gag RES 484 
785. Practical Use of the Wheatstone-Kirebhoff Brides. F. Kohlrausch . 484 
786. Parasitic Blectrodes. — G. Delualee  iscsisvatssivssosssayesesstecssecsensccee 485 
787. Simple Demonstration of Hertz’ Reflection Experiment. V. Biernacki. 485 
788. Periodic Currents and Conduction. J. Tuma.:........ ein ee 486 
789, Dielectric-Constants, | J. Lefer eo. ice cease oowavs situa ibe vecdt- ceases 487 
790. Determination of Large Electrolytic Resistances. M. 2. Maltby...... 487 
791. Distribution and Secular Variation of Terrestrial Magnetism. LZ. A. 


792 

2 HOUGHB CEN egal san aad isc uke Loc SRSA eae UaA gh, ME 400 
793. Transition-Points determined by the Electrical Method. 4. E. Baur, 490 
194. Argon and Helium. : “He AsHal2 crenata pe eierr ns Nee Te 490 
795. Determination of Argon. Th. Schlesing, June... .cccccsciesccesccuscess 490. 
796. Electrical; Conductivity. “= AGE Baten. iis, \kccees avs nee 492 
7972 Reversible Reaction< “FisW. Kuster oc is. san. sx dG 492 
798, Chemical Equivalents. Marg oy .....c¢ccceccccssveccearees BO ons ce 499 


DR UGER rice SOREN OBA AS baa CR OE CR ae ese rp aes 488 


CHEMICAL PHYSICS. 


2. Chemical Changes i in 1 Magnetic Rocks produced by” Heating. G. ~ 


